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SHANNON 8WILSOR, ING.

GEOTECHNICAL ENGINEERING RECOMMENDATIONS
STATE ROUTE (SR) 520 PONTOON CASTING FACILITY
ABERDEEN, WASHINGTON

1.0 INTRODUCTION

This report presents the results of subsurface explorations, engineering analyses, and
geotechnical engineering recommendations developed for dewatering, foundation excavation,
and support of the State Route (SR) 520 Pontoon Casting Facility (PCF) in Aberdeen,
Washington.

2.0 PROJECT AND SITE DESCRIPTION

The Washington State Department of Transportation (WSDOT) has contracted Kiewit-General
(KG) to construct a casting basin facility to fabricate 33 concrete pontoons within the 55-acre
Aberdeen Log Yard property at 400 East Terminal Way, Aberdeen Washington (Figure 1). The
property is located within Aberdeen tidelands on the north shore of Grays Harbor near the lower
reach of the Chehalis River. The property is bounded by a Port of Grays Harbor facility to the
west, the City of Aberdeen Wastewater Treatment Plant to the east, and the Puget Sound &
Pacific Railroad mainline and siding to the north.

The purpose of the project is to construct longitudinal, cross, and supplemental stability pontoons
that can be put into operation if the existing SR 520 Bridge required emergency replacement.
The scheduled project finish date for construction of the PCF and the associated pontoons is May
2014.

The site was previously owned by Weyerhaeuser Corporation, but was purchased by WSDOT in
November 2010. KG plans to utilize the entire site to build the casting basin and support
facilities.

Historically, two sawmills operated on the site in the last century, but since 1971 the site has
been primarily used for log storage. All former sawmill-related structures have been
demolished. Between 1971 and 1981, the shoreline was extended to the south through backfill
placement with sediments dredged from the Chehalis River, accumulated wood waste, and other
fill material.
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The site, in general, is relatively flat with several old concrete pads and gravel roads throughout.
A distressed pile-supported concrete slab was also observed near the center portion of the site.
The ground surface elevation for the main portion of the site where the PCF would be
constructed generally varies between about +10 and +15 feet mean lower low water (MLLW)
datum. The groundwater elevation is approximately +8 feet.

Based on project drawings, the PCF basin floor is approximately 920 feet long by 190 feet wide,
and the bottom of the basin excavation is located at approximately elevation -13 feet. The
primary project features are shown in Figure 2 and are discussed below with our general
understanding of the geotechnical aspects of the construction sequence.

2.1  Launch Channei and Dolphin Piles

The launch channel slope was evaluated for an inclination of 3 horizontal to 1 vertical 3H:1V)
with a rock blanket and for an exposed native slope with an inclination of SH:1V.

Dolphin piles will be installed in the channel to guide the pontoons as they are launched from the
PCF. Dolphin piles would be constructed with 24-inch-diameter by 0.401-inch-thick wall steel
pipe piles. The turning dolphins would be constructed with 48-inch-diameter by 1-inch-thick
wall steel pipe piles.

2.2 Gate Structure

The construction sequence of the launch channel/gate area will be managed such that the

construction of the casting basin gate area will be constructed in the dry within the casting basin
excavation, separated from the Chehalis River by a temporary sheet pile cutoff wall at the berm
along the riverbank. The existing berm will remain in place until gate construction is complete.

The gate structure consists of a sill, jamb, and bulkhead walls. The gate will be held in place by
the jambs and sill. The sill is the bottom submerged horizontal element that connects to the
jambs. East and west jamb columns extend upward from the sill. Bulkhead walls extend east
and west from the jambs and intersect the slope that continues upward from the casting basin
slab elevation. The sill will be supported with 18-inch diameter by 3/ 8-inch-thick wall steel pipe
piles. The jamb and bulkhead walls will be supported by 24-inch-diameter by 0.401-inch-thick
wall steel pipe piles. The bulkhead walls would be constructed with concrete panels near the
jamb and transition into steel sheet piles near the top of slope. A sheet pile cutoff wall will be
constructed below the gate structure to control seepage.
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2.3 Casting Basin Excavation

Temporary dewatering wells will be installed so the casting basin excavation can be
accomplished. Primary dewatering during construction will be accomplished with temporary
dewatering wells and perimeter interceptor drains installed on both sides of the casting basin
excavation. If necessary, the wells will be supplemented by temporary sump pumps placed in
the excavation area. In general, the groundwater collected from the dewatering system will be
treated, as necessary, and re-infiltrated into the ground using an infiltration trench on the east
side of the property. This re-infiltration of groundwater would reduce the potential for ground
settlement and resulting movements of the Aberdeen Wastewater Treatment Plant facilities.
Alternative backup methods for temporary water storage, prior to infiltration, could include
diversion to on-site water storage areas. Treatment, on-site storage areas, and infiltration trench
locations are shown on the project plans.

2.4 Basin Slab

The 18-inch-thick reinforced concrete basin slab will be supported by 18-inch-diameter driven
steel pipe piles spaced on 16-foot centers. The top of slab elevation will be -9 feet. The steel
pipe piles will be driven from the existing ground surface prior to excavation for the casting
basin. The steel pipe piles will be driven continuously and cut off at the basin elevation with a
cutting tool prior to basin excavation.

During operation of the casting basin, groundwater will be collected from underdrains below the
casting basin slab and groundwater cutoff trenches in the side slopes. The groundwater collected
from the dewatering system will be re-infiltrated into the ground using an infiltration trench on
the east side of the property.

2.5  Basin Side Slopes

Cut slopes with an inclination of 2.5H:1V will be excavated to reach the bottom of basin
elevation from the existing ground surface. The final top-of-slope elevation will be between +17
and +18 feet. An approximately 4-foot-high toe wall will be constructed at the bottom of the
basin side slope. To maintain local stability of the side slopes, considering groundwater seepage,
as well as flooding and unwatering of the basin during float-out, a geotextile and 4-foot-thick
layer of free-draining, graded, granular filter material consisting of 2 feet of sand and gravel and
2 feet of shot rock will placed on the slope after excavation,
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2.6 Gantry Crane Trestle

The gantry cranes that will be used for pontoon construction will be supported by the gantry
crane trestle beams and 24-inch-diameter by 0.401-inch-thick wall steel pipe piles.

2.7  Stockpile

Most of the excavated material including organics from the casting basin will be placed on the
onsite stockpile in the southwest portion of the site. The inclination of side slopes for the
stockpile could range between 3H:1V and 4H:1V depending on soil consistency and placement
methods. The extents of the stockpile are shown on the project plans.

2.8  Proposed Parking Lot

An asphalt parking lot will be located on the eastern side of the site. Site access would be
obtained over asphalt entry roads from the northeast.

2.9  Precast Laydown Area and General Work Area

Pontoon construction will utilize both precast panels and cast-in-place concrete. The precast
concrete panels will be fabricated in the precast laydown areas on the cast and west sides of the
casting basin. The precast laydown and general work areas would consist of gravel pavement.

The generalized site plan and project features are shown in Figure 2. Locations of project
features in Figure 2 are approximate. The project plans show the location of project features.

3.0 PURPOSE AND SCOPE
This report provides the results of our services that were accomplished for the project, including:

= Mud Rotary Borings. Observe and sample two mud rotary borings to depths up to
200 feet to evaluate subsurface soil and groundwater conditions, to collect soil
samples for laboratory testing, and to perform geophysical testing in the boreholes.

= Geophysical Testing. Perform downhole (suspension) geophysical, natural gamma,
and resistivity testing at the two boring locations.

= Groundwater Pumping and Infiltration Testing. Perform an infiltration test and
deep and shallow pumping tests to evaluate the hydrogeologic conditions and
dewatering feasibility of the site. Install observation wells and vibrating wire
piezometers (VWPs) to obtain groundwater level measurements associated with the
pumping and infiltration tests.
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Geotechnical Laboratory Testing. Perform laboratory index and strength testing on
selected soil samples collected from the field program.

* Subsurface Characterization. Utilize subsurface exploration information provided
in the Geotechnical Data Report (GDR) included in the Request for Proposals (RFP)
documentation and recent explorations to characterize subsurface strength properties
and soil type/stratigraphy.

" Pile Drivability Testing. Observe a test pile program and dynamic pile testing for
several pile size and wall thickness alternatives. The pile driving analysis (PDA) and
CAse Pile Wave Analysis Program (CAPWAP) results were used to evaluate the soil
resistance of the geologic units, evaluate driving conditions, and develop pile driving
acceptance criteria for the proposed piles. The results of these test pile acceptance
criteria are summarized in this report.

* Compressive and Uplift Pile Resistance, Evaluate the compressive and uplift
resistance of the proposed PCF piles.

® Lateral Pile-Soil Resistance Parameters. Provide soil parameters to estimate the
lateral pile soil resistance at the PCF.

= Input Soft Rock Reference Time Histories. Develop spectrum-compatible soft
rock time histories for the 1,000-year design ground motion.

®= Site Response. Perform one- and two-dimensional (1D and 2D) finite-difference site
response analyses to model basin soil performance during strong ground shaking.

* Slope Stability. Evaluate static slope stability for the basin slopes and stockpile.
Seismic and post-seismic response of the basin slopes is evaluated by the 2D finite-
difference analysis.

" Settlement. Estimate settlement at the site due to fill placement and dewatering and
estimate settlement of the proposed stockpile and potential impacts on the project
features.

* Lateral Earth Pressure. Provide latera] earth and water pressure recommendations
for the design of the south basin wall, as well as other walls located inside the basin.

* Temporary and Permanent Groundwater Dewatering. The subsurface conditions
of the PCF site include shallow perched groundwater, as well as multiple aquifers.
Therefore, we provide construction dewatering recommendations to control
groundwater inflow from the excavation side slopes, reduce the potential instability of
the side slopes, and reduce hydrostatic uplift pressures on the base of the PCF basin
slab.

" Pavement. Provide asphalt and gravel pavement sections for project
traffic/equipment loading.

= Fill Recommendations. Provide recommended gradations for the soil materials that
will be utilized during construction of the PCF.
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s  Geotechnical Instrumentation. Provide geotechnical instrumentation
recommendations for monitoring performance of the PCF during construction and
operation.

The main text of the report includes design and construction recommendations and conclusions
for the PCF. The appendices of the report contain supplemental information that was utilized to
develop the design and construction recommendations and conclusions.

4.0 SUBSURFACE EXPLORATIONS

The subsurface exploration program accomplished for the current study included drilling and
sampling two soil borings. Suspension logging for geophysical testing was performed and two
VWPs for groundwater monitoring were installed in each boring.

The field explorations were performed between March 29 and April 3, 2010. The borings and
VWP installations were accomplished by Gregory Drilling and the geophysical tests were
performed by GeoVision Geophysical Services Testing (GeoVision), both under subcontract to
KG. The results of the geophysical testing are discussed below and a summary report provided
by GeoVision is included in Appendix C. A Shannon & Wilson representative observed the
borings. The locations of the explorations were determined by surveying performed by KG.
Boring BH-1-10 was moved slightly south of the surveyed location to avoid overhead utility
lines. The approximate locations of the explorations completed for this project are shown in
Figure 2.

The following sections describe our field exploration program. The exploration logs and a
description of drilling and sampling methodology and procedures are provided in Appendix A.

4.1  Borings and Soil Sampling

Two borings, designated as BH-1-10 and BH-2-10, were drilled by Gregory Drilling using a
combination of hollow-stem auger and mud rotary drilling techniques to depths of 200 and

195 feet below the ground surface (bgs), respectively. The approximate locations of the borings
are shown in Figure 2. The primary objective of these borings was to characterize the soil,
retrieve samples of the loose silt and sand for laboratory testing, install VWPs for groundwater
monitoring, and perform the geophysical testing.

Soil samples were collected from each boring for geotechnical testing. Soil samples were
generally collected at 5-foot intervals to a depth of 185 feet bgs, and below this depth the
sampling interval was increased to 10 feet. Relatively undisturbed Shelby tube samples were
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collected in the loose sandy silt and silty sand material between 25 and 85 feet bgs. Relatively
undisturbed Shelby tube samples were extruded and logged. Only index testing was performed
on these samples.

Disturbed soil samples were also obtained using the Standard Penetration Test (SPT) method.
This test collects a disturbed sample of the soil and provides a measure of the density or
consistency of the soil. The number of blows of a 140-pound hammer, free-falling over

30 inches to cause 12 inches of penetration, is termed the Standard Penetration Resistance, or
blow count.

4.2 Previous Field Explorations

Previous field and laboratory studies for earlier phases of the project were performed by Landau
Associates (Landau) for WSDOT. The locations of the previous explorations are included in
Figure 3. The results of these explorations and laboratory testing are presented in a Geotechnical
Data Report (GDR) prepared by Landau and dated September 21, 2009. This information was
provided in the WSDOT RFP documentation.

4.3 Geotechnical Laboratory Testing

Geotechnical laboratory testing was performed on select soil samples collected from the borings
to determine index properties. Geotechnical laboratory testing included the following:

= Visual Classification

* Water Content Determinations

* Grain Size Analyses

" Atterberg Limits (Plasticity) Determinations

Visual classification and water content determinations were generally performed on all samples.
The remaining index tests were performed on selected samples. The index tests were performed
at the Shannon & Wilson, Inc. laboratory in Seattle, Washington, in general accordance with
ASTM International (ASTM) standards. Test procedure descriptions and test results for the
index testing are presented in Appendix B. Laboratory test results are also incorporated in the
exploration logs included in Appendix A.

5.0 SUBSURFACE SOIL CONDITIONS AND CHARACTERIZATION

We reviewed the results of the explorations located within the general limits of the proposed
PCF. We developed additional subsurface profiles using the results of the subsurface
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explorations presented in the GDR. The positions of these subsurface profiles are shown in
Figure 3 and the profiles are included in Appendix D.

In general, the subsurface conditions consist of fill with wood and occasional concrete debris to a
depth of about 10 to 15 feet bgs. In some explorations, the thickness of the wood debris
appeared to be extensive, while in others it may be limited to less than 1 foot. The depth of
wood debris noted in the logs varied between 0 and 23.5 feet, with an average depth of about 11
to 12 feet. The boring logs in the GDR and Appendix A show the elevation and extents of the
wood debris. Very soft to medium stiff silt of medium to high plasticity underlies the fill to an
elevation of about -60 to -70 feet MLLW.

Very loose to medium dense, silty sand and medium stiff to stiff silt underlie the surficial silt
encountered at the site to about elevation -90 to -110 feet MLLW. Based on a review of the
subsurface profiles included in Appendix D, the silty sand does not appear to be continuous
across the site.

Dense to very dense sand and gravel was encountered below an elevation of about -90 to
110 feet MLLW. Siltstone was encountered at an elevation of about -185 feet MLLW in boring
H-08-09.

The project GDR contains the results of numerous in situ and laboratory tests. These tests
include SPT, cone penetration tests (CPT), vane shear tests, and pressuremeter tests. Laboratory
tests include: 1D consolidation tests, unconsolidated undrained and consolidated undrained
triaxial tests, and direct simple shear and cyclic direct simple shear tests. The soil classification
and shear strength were compared using the results from the in situ and laboratory tests. These
comparisons are included in Appendix D. Soil stratigraphy and strength from these comparisons
were used for the analyses described below.

6.0 GROUNDWATER PUMPING TESTS AND ANALYSIS

Shannon & Wilson performed deep and shallow aquifer pumping tests to evaluate the
hydrogeologic conditions and dewatering feasibility at the site. We analyzed the pumping test
data to estimate the following aquifer characteristics for use in our dewatering evaluation:

= Hydraulic Conductivity. The ability of a soil to transmit water. For the purposes of
this report, hydraulic conductivity refers to the horizontal hydraulic conductivity.

=  Transmissivity. The ability of an aquifer to transmit water is equal to the aquifer
hydraulic conductivity times the aquifer saturated thickness.
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" Storage Coefficient. The volume of water released from a unit volume of saturated
soil with a unit drop in hydraulic head.

We also performed infiltration testing to evaluate the infiltration capacity of shallow soil at the
PCF site. Appendix H provides a discussion of the pumping and infiltration test methods,
analysis, and results.

7.0 PILE FOUNDATION DESIGN

7.1 General

The PCF basin slab, gantry crane, and gate structure will be supported on driven stee] pipe piles
that extend to the dense sand and gravel. The recommendations for pile foundation penetrations
and capacities are based on theoretical and empirical data, subsurface conditions encountered at
the site, engineering Judgment, and experience. In order to confirm our recommendations, a test
pile program was performed in April and May 2010. The test pile program consisted of driving a
total of eight steel pipe piles at the two locations shown in Figure 2. Each test pile was
monitored by Robert Miner Dynamic Testing under subcontract to KG with PDA and CAPWAP
performed at the end of driving and at the three- and seven-day re-strikes. A discussion of the
test pile program is provided in Appendix E.

The following sections describe the analyses, geotechnical recommendations, and construction
considerations for the pile-supported structures at the site.

7.2 Axial Resisténce Analyses

Driven pile axial capacities are developed through a combination of side and base resistance.
Static axial resistances for the PCF steel pipe piles were estimated based on soil types
encountered in the borings, relative densities of the soil as determined by SPT blow count,
results of the test pile program, PDA/CAPWAP analyses, and our experience in similar soil and
project conditions.

Extreme axial capacities were estimated by considering a loss of side resistance in the potentially
liquefiable soils and disregarding the side resistance in the soil overlying the lowest level of
potential liquefiable soils. We used static side and base resistances below this layer.

Results of our axial resistance analyses are presented graphically in Figures 4 through 10 in
terms of plots of pile penetration versus nominal resistance. Figures 4 and 6 are applicable to
piles along the North Profile, located from 350 feet north of the gate structure to the northern
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extent of the basin. Figures 5, 7, and 8 are applicable to piles along the South Profile, located
from 200 feet south of the gate structure to 350 feet north of the gate structure. Figures 9 and 10
are applied to offshore piles, located from 200 feet south of the gate structure to the southern
extent of the project site. Since the offshore piles are not designed for the seismic loading case,
Figures 9 and 10 only present the Strength Limit Case.

These analyses are applicable to a single pile or pile groups with a center-to-center pile spacing
greater than 2.5 diameters. Based on communication with the design team and a review of the
project plans, it is our understanding that the design pile spacing for the basin slab, crane trestle,
Gate Sill/Jamb/Bulkhead, and Dolphin piles is greater than 2.5 diameters; therefore, axial group
reduction factors are not considered.

The recommended penetration elevation to satisfy the required nominal (ultimate, unfactored)
resistance can be determined from Figures 4 through 10 using appropriate resistance factors. For
Strength Limit compression loading, we recommend a resistance factor of 0.65 for side and base
resistance, in general accordance with American Association of State and Highway
Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) Bridge Design
Specifications, 4™ Bdition, with 2008 Interim Revisions (AASHTO, 2008). This value assumes
that dynamic pile testing with signal matching is performed during installation of the production
piles. In general accordance with AASHTO (2008), the required number of dynamic pile tests
depends on the site variability. Assuming high site variability and the proposed number of piles
to support the PCF, we recommend that a minimum of 12 pile dynamic load tests be performed.
For Extreme Limit compression loading, we recommend a resistance factor of 1.0 for side and
base resistance in general accordance with AASHTO (2008).

A summary of the proposed diameter, pile wall thickness, end condition, and required nominal
pile resistance is shown in Table 1. Results presented in Figures 4 through 10 indicate Table 1
required resistances can be achieved by embedment of piles in the dense to very dense sand and
gravel layer.

721 Estimated Settlement

We estimate that the steel pipe piles would experience settlements of about % to 1 inch
under the proposed factored loads. These settlement estimates do not include the elastic
compression of the pile as a result of the applied loading.
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7.2.2 Lateral Resistance

Lateral loads acting on the structure from wind, seismic events, and other loadings may
be resisted by the lateral resistance provided by the steel pipe piles. The computer programs
LPILEPLUS (Ensoft, 2007) and Deep Foundation System Analysis Program (DFSAP) (WSDOT,
2006) may be used to evaluate latera) resistance of driven piles and to calculate the magnitude of
deflection, shear, and moment along the pile.

Based on subsurface conditions as interpreted from the subsurface explorations and the
results of the 2D finite difference analyses, the recommended parameters for input into the
LPILE™S and DFSAP programs under static, seismic, and post-seismic/liquefied/softened
loading conditions are presented in Table 2.

We recommended that the static parameters be used to evaluate the lateral resistance of
the driven piles during static conditions, the seismic parameters be used during earthquake
shaking with inertial loads, and the liquefied/softened parameters be used for liquefied/post-
seismic loading. The results of the cyclic testing in the low-plasticity silt indicated some excess
pore pressure during testing. However, these soils did not achieve liquefaction at over 20 to
25 cycles of shaking. This number of cycles corresponds to the characteristic magnitude for the
design ground motion. In our opinion, the elevated pore pressure of the low-plasticity silt would
either occur at the end of shaking or not at all, and liquefaction of the sandy site soils would
occur after shaking has ended. As shown in Table 2, we recommend that the sand and gravel
deposits be modeled with the “Reese Sand” constitutive model, which requires a friction angle
and modulus of subgrade reaction. For potentially liquefiable sand and gravel, the friction angle
and modulus of subgrade reaction were reduced for the seismic and liquefied loading conditions,
as discussed below.

We recommend that the soft silt and soft clay deposits be modeled with the “Soft Clay”
constitutive model and the medium stiff to hard silt/clay be modeled with the “Stiff Clay without
Free Water.” These two constitutive models require an average cohesion and strain at 50 percent
max stress (es). For silt and clay deposits susceptible to seismic softening, the average cohesion
is reduced, as discussed below.

The post-cyclic monotonic direct simple shear test results provided in the GDR did not
show a clear, consistent change of the sy value. In addition, an adjustment of €50 is beyond the
state of practice and is not currently documented in the literature., Therefore, the &5, value shown
in Table 2 is not adjusted for the seismic or softened loading conditions.
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The static soil parameters were estimated based on our review of the consolidated
undrained and unconsolidated undrained triaxial tests results, static direct simple shear (DSS)
test results, pressuremeter test results, and field vane shear test results, provided in the GDR,
CPT correlations (Robertson, 2009; Ladd and Foott, 1974), and our experience with similar soil.

The seismic condition considers the estimated pore pressure ratio developed during
ground shaking to reduce the strength of granular soils and seismic loading to reduce the strength
of the cohesive soils. The reduced friction angle for the seismic case was estimated using an
excess pore pressure ratio of 30 percent and the undrained shear strength was reduced to about
85 percent of the static value, which is generally consistent with excess pore pressures and
reduced shear strengths generated in the FLAC model.

The shear strength of the liquefied sands and low-plasticity silts is modeled using a
residual friction angle. The softened condition assumes a reduced undrained shear strength of
70 percent of the static shear strength value of the soft clays. In general accordance with the
WSDOT Geotechnical Design Manual (GDM), we used the Idriss and Boulanger (2007), Olson
and Stark (2002), and Kramer (2008) relationships and an average corrected blow count for each
sand/gravel layer to estimate the residual friction angle for the liquefied case. We note that in
one instance only the Idriss and Boulanger (2007) relationship provided a residual strength
correlation for the blow count being considered. The residual undrained shear strength
parameters were estimated based on our review of the cyclic direct simple shear, post-cyclic
static DSS laboratory test results provided in the GDR, empirical correlations, excess pore
pressure generation in the FLAC models, and our experience with similar soil.

The seismic and liquefied modulus of subgrade reaction was reduced from the static
value by the same ratio that the seismic and liquefied friction angles, respectively, were reduced.

Group interaction shall be considered when evaluating horizontal pile movement for piles
with center-to-center spacing less than five times the diameter of the pile. When the P-y method
of analysis is used, the value of P should be multiplied by a P-multiplier to account for group
interaction. Figure 11 shows the AASHTO (2008) recommended p-multiplier for group
interaction on laterally loaded piles.

7.2.3  Downdrag

Downdrag loads are created when the soil moves downward relative to the pile, thus
transferring load to the foundation. In general, piles most susceptible to downdrag loads are
those that pass through a soft, compressible soil and then bear in a stiffer layer. The usual
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mechanisms that generate downdrag loads are post-construction settlements due to the placement
of fill, dewatering, and/or the liquefaction of one or more soil layers. When liquefaction occurs,
it results in a sudden settlement of the liquefied layer. As the liquefied layer settles, i.e., as the
©Xcess pore pressure dissipates, it creates downdrag loads on the pile, which must be carried by
the lower, non-liquefied soil.

We evaluated potential static downdrag loads acting on the piles that support the PCF,
gate, and trestle structures as a result of potential settlements that could occur due to the fill
placement and dewatering that will be accomplished to construct the facility. Based on the site
construction plan, the piles will be installed about 2 to 4 months after fill placement. As
discussed in Section 11.2, Grading Settlement Analyses, settlement due to grading and
dewatering will occur over a period of about four months. Therefore, some downdrag loads
could be imparted to the piles. However, the piles will not be loaded unti about eight months
after fill placement. After eight months, the consolidation settlement will be substantially
complete. When the piles are loaded, they will move down relative to the surrounding soil,
creating positive skin friction. Based on these considerations, it is our opinion that static
downdrag loads will not act on the piles that support the PCF, the gate structure, and the crane
trestle under static loading conditions.

Soil layers that liquefy or soften during seismic loading were evaluated by the finite-
difference numerical modeling described below. Liquefaction-induced downdrag loads are
estimated using 50 percent of the side resistance of the liquefied layers identified in the finite-
difference numerical modeling and 100 percent of the side resistance of the non-liquefied layers
lying above the deepest occurrence of potentially liquefiable soil as downward (negative) loads
on the pile. The estimated downdrag loads resulting from liquefaction should be added to the
factored loads when evaluating the pile resistance required for the extreme event limit state. The
downdrag loads are shown as noted in F igures 4 through 8. F igures 4 and 6 are applicable to
piles along the North Profile, located from 350 feet north of the gate structure to the northern
extent of the basin. Figures 5, 7, and 8 are applicable to piles along the South Profile, located
from 200 feet south of the gate structure to 350 feet north of the gate structure. The offshore
piles are not designed for the seismic loading case.

7.2.4  Spring Constants

The vertical spring constant, which includes the elastic compression of the pile, for the
preferred piles may be determined using the values provided in Table 3. Other spring constants
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for lateral load and moment resistance may be estimated for the piles using the results of the
LPILE™ analyses.

7.3 Construction Considerations

The following sections present construction recommendations for driven pipe pile
installation.

7.3.1 Installation

The minimum pile driving blow count, stroke height, minimum pile embedment into the
dense to very dense sand and gravel bearing layer, and minimum pile driving blow count used to
define the top of the dense to very dense sand and gravel are summarized in Table 4 for each of
the proposed piles at the project site. All piles should be driven to a minimum tip elevation of
-90 feet and to the pile embedment shown in Table 4.

The actual depth of pile penetration achieved will vary depending upon the consistency
and relative density of the soil encountered during pile driving. The recommended penetration
into the dense sand and gravel and the driving resistance criteria may be modified after the initial
production piles are driven and the PDA measurements and CAPW AP analyses are performed.

7.3.2  Pile-driving Conditions

Piles supporting the proposed PCF will be installed through the existing fill and the
underlying soft silt and sand deposits into the very dense sand and gravel deposits. Potential
obstructions, such as wood and occasional concrete debris and very dense, gravelly material,
may be encountered during the installation of the piles through the upper fill material
encountered from the ground surface to about 10 to 15 feet bgs. Remedial measures such as pre-
drilling and pre-excavation may be required to mitigate the impact of the potential obstructions.

7.3.3  Pile-driving Equipment

All pile-driving equipment should be designed, constructed, and maintained in a manner
suitable for the work to be accomplished for this project.

We understand that the piles may initially be driven with a Delmag/APE D-30 diesel pile-
driving hammer, hydraulic hammer, or a vibratory hammer to the top of the medium dense sand
and gravel encountered at about elevation 60 to -80 feet MLLW. They will then be driven to
the required penetration using a Delmag/APE D-46 or D-62 diesel pile-driving hammer.
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The basin piles will be driven from the existing ground surface prior to excavating the
basin. For installation of the basin piles from the existing ground surface, a specialized internal
pipe cut-off tool will be used after the pile is driven full-length from the existing ground surface.
Once the pile is accepted, it will be cut off to the required elevation using a specialized cut-off
tool that will be lowered inside the pile to the appropriate elevation to cut the pile wall.

7.3.4  Wave Equation Analysis

To establish pile-driving criteria for installation of the preferred piles listed in Table 1,
we performed the Wave Equation Analyses for Pile driving (WEAP) using data for the
hammer/pile combination to be used in installing the production piles. This method allows
evaluation of driving stresses so that an appropriate pile-driving hammer size can be selected to
obtain the desired pile resistance with reasonable blow counts and without damaging the piles.
This analysis also provides an estimate of the nominal pile resistance for a given pile-driving
blow count. All piles should be driven to the driving resistance as determined by WEAP and for
required nominal load.

Wave equation analyses were performed on the proposed piles based on subsurface
conditions encountered in the explorations and using appropriate pile-driving hammers. The
WEARP analyses were performed using the computer program GRLWEAP (Version 2005), which
was developed by Goble Rausche Likins and Associates (GRL, 1998). The hammer sizes were
selected based on our past experience, input from KG, and performance during the test pile
installation.

The WEAP results are presented graphically in Figures 12 through 14 and are
summarized in Table 4. Based on the WEAP results for the hammers specified above, we
recommend using a steel pipe pile that has a yield stress of least 50 kips per square inch (ksi) for
the 18-inch-diameter by 3/8-inch-thick wall, closed-end piles driven for the gate sill and basin
slab. A steel yield stress of at least 45 ksj is recommended for the 24-,30-, and 36-inch-diameter
steel pipe piles.

The wave equation analyses results presented are for design purposes only, using
assumed hammers and assumed pile data. If the preferred piles and hammer sizes listed above
are not selected for construction, we recommend that WEAP be performed utilizing data for the
actual hammet/pile combination to be used to install the production piles.
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7.3.5  Pile-driving Monitoring

Pile driving should be monitored by taking a continuous driving record of each pile. For
this purpose, the pile would be marked in 1-foot increments to facilitate monitoring. As the pile
reaches the desired tip elevation, additional 1-inch increments between the 1-foot marks would
be required.

The pile-driving record should be complete. The form should have spaces to record
hammer stroke (diesel hammers), blows per foot, time, date, reasons for delays, and other
pertinent information. In addition, the record should include tip elevation, specified criteria, and
initials of inspectors making final acceptance of the pile.

It is often difficult to estimate the energy delivered by diesel hammers with visual
observation. The Saximeter, developed by Pile Dynamics, Inc., can be used to record hammer
strokes and provide an estimate of the driving energy of diesel hammers. We understand that the
Contractor has selected a diesel hammer and, therefore, we recommend that a Saximeter be used
during pile driving.

7.3.6  Pile-driving Vibrations

There is the potential for impact of existing nearby structures and utilities from pile-
driving-induced vibrations and the resulting settlements. Vibration and settlement considerations
are provided in Section 16.

7.3.7 Potential Obstructions

As described previously, and as observed during the test pile program, the proposed piles
may encounter wood and occasional concrete debris in the upper materials encountered at the
project site. If refusal conditions are encountered, the pile would be extracted, repaired if
necessary, the pile location excavated to remove the obstruction, and the pile re-driven.
Obstructions may be excavated with a drill or an excavator as the pile driving proceeds through
this layer.

7.3.8  Pile Dynamic Testing

The recommendations for pile foundations and, in particular, the recommendations for
pile penetrations and resistance are based on theoretical and empirical data, subsurface
conditions encountered at the site, and our engineering experience. Additionally, in
consideration of the higher resistance factors (RFs) being used to estimate the pile axial
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compressive resistance, we recommend that at least 12 piles be dynamically tested during
driving. The location of these tests will be determined during a pre-construction conference. We
recommend that dynamic measurements, using a PDA, be taken, and CAPWAP be performed on
each tested pile. The PDA measurements should be taken at the end of initial driving and during
re-strike. Restrike of the tested pile should occur a minimum of seven days after the end of
initial driving.

7.3.9  Pile Driving Acceptance Criteria

We recommend the pile driving and acceptance criteria presented herein be used by KG
field representatives during production pile driving operations. Pile acceptance will include an
assessment showing that the driven pile has an estimated minimum nominal axial resistance
equal to or greater than the nominal pile foundation demands presented in Table 4. Table 4
specifies the minimum pile driving blow count, minimum stroke height, and minimum pile
embedment into the dense to very dense sand and gravel. These criteria may be modified after
the initial production piles are driven, and the PDA measurements and CAPWARP analyses are
performed.

After the pile is driven to the recommended minimum embedment into the dense to very
dense sand and gravel, the continuous pile-driving blow count must be equal to or greater than
the values provided in Table 4. If this required driving resistance is not met at the estimated
penetration depth, the pile should be driven farther until the continuous pile-driving blow count
is achieved.

Piles meeting the continuous pile driving blow count above the minimum penetration into
the dense to very dense sand and gravel layer should be driven to a refusal blow count of
15 blows per 1 inch. Pile penetration into the bearing layer less than that shown in Table 4
(including piles that have significant uplift loads) should be evaluated by the geotechnical
engineer,

Any interruption in pile driving of more than 30 minutes should be considered a stoppage
of continuous driving. The minimum pile~driving blow count criterion should resume after the
pile has been driven at least 1 foot after any stoppage of driving.
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8.0 ONE- AND TWO-DIMENSIONAL (1D AND 2D) GROUND RESPONSE

8.1 General

We performed two types of site response analyses to estimate the soil response during the design
ground motion: 1D equivalent linear total stress analysis and 2D non-linear effective stress
analysis. The 1D equivalent linear total stress analysis is a method to estimate site response for
soil profiles where pore pressure generation is limited. Although site soil profiles would
generate excess pore pressure during strong ground shaking, the 1D equivalent linear total stress
analysis would provide relatively higher ground motions as compared to a 1D or 2D non-linear
effective stress analysis.

Evaluations of site-specific, non-linear, 2D soil response, including the effects of dynamic pore
pressure generation, were performed to evaluate the generation of excess pore pressure, soil
softening, and lateral ground displacement effects on the PCF. Two-dimensional models were
selected to evaluate the ground response transverse (east-west) and longitudinal (north-south) to
the PCF. Appendix G provides a description of the inputs, methods, and results. A summary of
the results is presented below.

8.2 Results
82.1 One-dimensional (1D) Ground Surface Site Response

Figures G-22 through G-27 show the basin level surface acceleration response spectra for
all seven time histories selected for the project in borings BH-1-10, BH-2-10, H-07-09, H-08-09,
H-16-09, and H-18P-09, respectively. Also plotted in each figure are the soft rock U.S.
Geological Survey (USGS) uniform hazard spectrum and the AASHTO Site Class E spectrum
for the project site. Figure 15 plots the geometric mean of the response spectra for each boring.
Based on the site response from these borings, the recommended design response spectrum is
shown in Figure 15.

822 Two-dimensional (2D) Effective Stress — Longitudinal

The primary objective for the longitudinal models was to assess the free-field soil
movements at the location of the gate structure. Results of horizontal displacements at the gate
along the centerline of the basin are shown in Figure 16. The average horizontal displacement is
approximately 1.0 feet, moving into the basin. The reason for the movement into the basin is
related to the static shear stress developed around and below the sheet pile cutoff in the direction
of the basin. The cyclic shear stress pulses from the dynamic loading increase the pore pressures
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and reduces the shear strength in the sandy zones. As the shear strength in the sandy zones drops
and the shear stress demand remains the same or increases, the soil tends to strain toward the
basin to relieve the excess shear stress.

Results of horizontal displacements in the longitudinal direction on the outside of the
basin are shown in Figure 17. In this case, the average horizontal displacement is approximately
3 feet in the direction of the Chehalis River. Static shear stress adjacent to the gate structure was
developed toward the Chehalis River because of the nearby slope bank. As the shear strength in
the sandy zones drops and the shear stress demand remains the same or increases, the soil tends
to strain toward the Chehalis River to relieve the excess shear stress.

Additional longitudinal simulations were performed to assess the approximate location in
which the soil strains transition from moving toward the basin to moving toward the Chehalis
River. A summary of the results of these simulations and interpreted values to be used in design
are shown in Figure 18. This plot shows that immediately outside of the level ground at the
basin slab level, the horizontal displacements begin to shift from moving into the basin to
moving toward the Chehalis River. The transition is abrupt and primarily related to the higher
ground level on the north side of the gate/bulkhead structure.

8.23  Two-dimensional (2D) Effective Stress — Transverse

The primary objective of the transverse simulations was to assess the impacts of dynamic
soil movements on the crane wharf structure. Horizontal soil displacements, horizontal pile
displacements, pile moments, and pile node angular displacements at the end of shaking are
presented in Figures 19 through 28 for sections along the north and south portions of the basin.
Note that angular displacements represent the rotation of the pile nodes caused by bending forces
and should not be misinterpreted as pile curvature.

Based on the above analysis, the basin slope may experience downslope movements
during the design ground motion. Soil movement could occur on the basin and channel sides of
the bulkhead given the similar slope configurations and soil conditions. As a result of this slope
movement, shear forces could act along the sides of the bulkhead wall, along the top and sides of . |
the bulkhead footings, and along the sides of the embedded sheet pile wall within the upper f
portion of the zone of slope movement. As a result, for the longitudinal (east-west) bulkhead
stability analysis, we recommend that the magnitude of the potential shear force be estimated ,‘
using an adhesion value equal to 750 pounds per square foot along both sides of the bulkhead |
wall, along the top and sides of the bulkhead footings, and along the sides of the sheet pile wall.
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Based on the estimated depth of the potential ground movements, we recommend that this
adhesion be applied to a depth corresponding to about elevation -20 feet. In our opinion, relative
movement between the steel sheet pile and steel pipe piles would not occur below this elevation.

9.0 SLOPE STABILITY

We performed stability analyses of the basin slopes, the launch channel, and stockpile using the
limit-equilibrium stability program SLOPE/W, Version 7.16, by Geo-Slope International. The
Morgenstern-Price method, which satisfies both force and moment equilibrium, was used to
calculate factor of safety (FS) values for an optimized failure surface.

The critical circular slip surface was found iteratively by the software and was then
systematically and incrementally altered using a numerical optimization process to find the
critical slope along the base of each slice of the failing mass. Optimization of a circular failure
surface often results in a critical non-circular failure surface. For the basin slope case, we
compared the optimized critical failure surface to a non-circular search method failure surface.
The resulting failure surface shapes and FSs were similar. As a result, we concluded that
searching for a circular failure surface and then optimizing the critical circular failure surface
was an approptiate method for this slope and soil geometry.

We evaluated the global stability for the static temporary construction case using undrained
strength properties (cohesion) for the cohesive soil and drained strength properties (friction
angle) for the granular soil. The global stability of the static long-term case was evaluated using
drained shear strength properties (friction angle) for all the soil types. See Section 8 for the
analyses related to the basin soil displacement during the design ground motion.

The static drained (friction angle) and undrained (cohesion) soil properties used in these analyses
are based on our review of the consolidated undrained and unconsolidated undrained triaxial test
results, static DSS test results, pressuremeter test results, and vane shear test results provided in
the GDR, CPT correlations (Robertson, 2009; Ladd and Foott, 1974), and our experience with
similar soil.

At the launch channel location, we evaluated the global stability for the seismic condition. The
seismic undrained soil properties (cohesion) used in the analyses were based on our review of the
cyclic DSS provided in the GDR, the excess pore pressure generated in the FLAC model, and
our experience with similar soils. The seismic undrained shear strength was reduced to about 85
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percent of the static value, which is generally consistent with excess pore pressures and reduced
shear strengths generated in the FLAC model. We used a horizontal coefficient of 0. 14, which
equals about one-half the peak ground acceleration of the design ground motion.

The launch channel soil properties were based on the in situ and laboratory test results performed
on soils obtained from the subsurface investigations that extended from 350 feet north of the gate
structure to about 200 feet south of the gate structure. The soils located more than 200 feet south
of the gate structure appear to exhibit lower strength than the soils nearer the gate. It is our
opinion that a potential slope failure of the distant lower strength soils would not adversely
impact the gate structure.

For analysis purposes, we used a groundwater elevation consistent with dewatering
recommendations at the base of the slab and along the slopes. For locations beyond the extent of
the dewatering zone, we estimated the groundwater elevation based on observations made in
nearby subsurface explorations and monitoring wells.

9.1 Basin Slope

The slope and toe wall geometry used for this analysis are based on typical basin slope cross
sections and site plans. Based on these drawings, we understand the toe wall is approximately
4 feet tall and the basin slope is inclined at a 2.5H:1V slope with a maximum slope height of
about 27 feet. We divided the basin into two sections and estimated the global stability for the
generalized north and south soil profiles.

For the static construction case, we estimated the static FS for an excavated native soil slope.
The static long-term case was evaluated for failure along the geotextile placed on the sand and
gravel fill covering the native slope and overlain by shot rock. We used an interface friction
angle of 28 degrees which is about 75 percent of the strength of the lower friction angle soil in
contact with the geotextile (i.e., the sand underlying the geotextile). This interface friction angle
to static soil friction angle ratio is consistent with the upper bound reduction ratio (i.e., more
conservative) recommended in Koerner (1998).

We evaluated the global stability of the rapid drawdown case. For this analysis, the clay and silt
were modeled using undrained strength parameters (cohesion) and the granular soil (sand and
gravel) was modeled using drained strength parameters (friction angle). A water level
corresponding to a full basin, about elevation +11 feet MLLW, was applied to the cohesive soil
and a water level corresponding to the dewatered condition was applied to the granular soil.
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The global stability analyses results are presented graphically in Appendix F and are summarized
in Table 5.

9.2 Launch Channel

We cvaluated the global stability of a slope height of 29 feet that extends from the generalized
ground surface of about elevation 16 feet MLLW to the excavated launch channel elevation of
about -13 feet MLLW at inclinations of 3H:1V and SH:1V. The 3H:1V channel slope alternative
was evaluated with about a 6-foot-thick bedding layer and armor rock on top of the slope, and
the 5H:1V slope alternative was evaluated assuming the launch channel slope consisted of the
existing native soil. The bedding layer and armor rock are described and specified in the Coastal
Engineering Report (Coast and Harbor Engineering, 2011).

We also evaluated the stability of the launch channel slope at a distance greater than 200 feet
south of the gate. We considered a slope height of 15 feet and an inclination of 5H:1V. The
slope extends from the generalized ground surface of about elevation +2 feet MLLW to the
excavated launch channel elevation of about -13 feet MLLW. The channel slope was evaluated
assuming the launch channel slope consisted of the existing native soil.

The globally stability of the static Jong-term condition was evaluated using drained strength
properties for all soil types. For the static temporary construction condition, the silt and clay
were modeled using undrained strength properties and the bedding layer and armor rock were
modeled using drained strength properties.

The water level was set at elevation -3.35 feet (Lowest Observed Tide, [LOT]) in the launch
channel and then contours the slope to the existing groundwater elevation of +8 feet for the static
long-term and construction (rock slope) conditions near the gate. A groundwater elevation of 0
feet was used for the portion of the launch channel greater than 200 feet south of the gate. For
the seismic condition, a water elevation of 5.4 feet (mean sea level) was set in the launch channel
and contoured along the slope to an existing groundwater elevation of +8 feet. For the
construction (native slope) case where the launch channel will be temporarily dewatered, we
used a water level of elevation -13 feet in the launch channel and then the water level was
contoured to the ground slope to the existing groundwater elevation of +8 feet.

The global stability analyses results are presented graphically in Appendix F and summarized in
Table 5.
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9.3 Stockpile

The stockpile will consist of soi excavated from the nearby PCF. As the soil is excavated,
transported, and deposited in the stockpile, the soil strength will be reduced. The reduced
drained strength parameters were estimated using a relationship developed by Kulhawy and
Mayne (1990) that relates PI to reduced friction angle and our experience with similar soils. The
reduced friction angle was estimated based on the average PI and correlated residual friction
angle (Kulhawy and Mayne, 1990). The reduced friction angle and pre-excavation, in situ
effective overburden stress were used to calculate a reduced undrained shear strength.

The stockpile geometry used for this analysis is based on project cross sections and site plans.
We analyzed the static stability of the stockpile slopes inclined at approximately 3H:1V and
4H:1V. For the purpose of this analysis, we assumed a stockpile height of 20 feet.

The global stability analyses results are presented graphically in Appendix F and summarized in
Table 5.

9.4 Results

The estimated global stability FSs for the basin slope, launch channel, and soil stockpile meet or
exceed the WSDOT minimum long-term static FS requirements for embankments supporting or
potentially impacting non-critical structures (WSDOT GDM Section 9.2.3. 1). Both slope
conditions analyzed for the launch channe| meet or exceed the WSDOT minimum seismic FS
requirements for embankment slopes that could impact an adjacent structure. Based on our
analyses, the FS for the construction and basin rapid drawdown case is suitable, in our opinion.

The stockpile case with a 3H:1V slope has an estimated long-term FS of 1.3, which equals the
minimum FS required by WSDOT, as described above. As a result, the 3H:1V sloped soil
stockpile shall be re-analyzed if a soil stockpile greater than 20 feet is proposed for design.

Lateral ground movement of the basin slope during the design ground motion shaking is
presented in Section 8.

10.0 LATERAL EARTH PRESSURE

10.1 Lateral Pressures

A sheet pile cutoff wall will be constructed below the gate structure and bulkhead, a bulkhead
wall will be constructed as part of the gate structure, and a concrete wall will be constructed at
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the toe of the basin slopes. The following section presents our recommendations for lateral
hydrostatic and earth pressures for retaining and sheet pile cutoff walls.

Lateral earth pressures will act on buried portions of the sheet pile cutoff wall, basin toe wall,
and gate bulkhead and sheet pile wall. For walls that are allowed to move at Jeast 0.001 times
the wall height, we recommend that active, lateral earth pressures be considered. Active earth
pressure diagrams for the gate sheet pile cutoff wall, basin toe wall, and gate bulkhead and sheet
pile wall are shown in Figures 29 through 31, respectively.

Hydrostatic pressure will act on the gate cutoff wall when the basin is dewatered and the river is
at high tide. The recommended hydrostatic pressure diagram for the gate cutoff wall is shown in
Figure 29.

The total earth pressures should be analyzed for seismic loading conditions using a dynamic load
added to the static, active earth forces. The dynamic Joad increase for active pressure conditions
for the basin toe wall are shown in Figure 30 and the gate bulkhead and sheet pile wall are shown
in Figures 31A and 31C. This Joad increment should be applied as a trapezoidal load to the wall,
with the resultant force acting at 0.6H (where H equals the wall height) from the bottom of the
wall. A load increase for seismic conditions is consistent with a pseudo-static analysis using the
Mononobe-Okabe equation for lateral earth pressures and a horizontal seismic coefficient of
about one-half the soil peak ground acceleration. These pressures assume drained soil conditions
behind the wall.

For the gate bulkhead and sheet pile wall, the static active earth pressures shall be used for the
static load case (see Figure 31A and 31C), the static active earth pressures and the seismic earth
pressure increment shall be used for the seismic loading case (see Figure 31A and 3 1C), and the
post-seismic active earth pressures shall be used for the post-seismic loading case (Sée Figure
31B and 31D). Figures 31A (static/seismic) and 31B (post-seismic) shall be used for the gate
bulkhead and sheet pile wall and Figures 31C (static/seismic) and 31D (post-seismic) shall be
used for the outer edges of the basin where there is no bulkhead overlying the sheet pile wall.

General surcharge loading behind walls can be estimated by using the recommendations
presented in Figure 32.

10.2 Lateral Resistance

Lateral loads, due to unbalanced lateral earth and water pressures, wind, or seismic forces, could
be resisted by passive earth pressures against buried portions of the walls. The passive carth
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pressure diagram for the gate cutoff (flooded basin and dewatered basin) and gate bulkhead and
sheet pile wall are shown in F igures 29 and 31, respectively. These pressures assume the
structure extends at least 2 feet bgs. The passive earth pressures shown in the figures are
ultimate values and should be reduced by recommended resistance factors for the strength limit
case presented in Table 11.5.6-1 of AASHTO (2008-interim).

For the gate bulkhead and sheet pile wall, the static passive earth pressures shall be used for the
static load case (see Figure 31A and 31C), and the post-seismic passive earth pressures shall be
used for the post-seismic loading case (see Figure 31B and 3 ID).

11.0 SETTLEMENT ANALYSES

1.1 Stockpile Settlement Analyses

This section presents the results of the settlement analyses performed for the soil stockpile on the
west side of the project site. The proposed stockpile will vary in height and could have side
slopes that have inclinations up to 3H:1V. For the purpose of this analysis, we assumed a
stockpile height of 20 feet. F igure 2 shows the limits of the proposed stockpile. A drainage
ditch is located about 50 feet west of the proposed stockpile slope toe (Figure 2).

We used elastic stress distributions and standard one-dimensjonal consolidation theory to
estimate the settlement beneath the stockpile and the drainage ditch. We used the results of the
explorations and laboratory testing to develop an idealized subsurface profile for a cross section
through the stockpile and drainage ditch. Table 6 summarizes the soil parameters we used in our
analysis. We assumed that the stockpile soil has a unit weight of 100 pounds per cubic foot. We
also estimated the settlement caused by dewatering the proposed casting basin.

We used two elastic stress distributions to estimate the stress increases due to the stockpile, both
from Poulos and Davis (1973):

* Elastic stress under an infinite strip load, for the center of the stockpile; and
= Elastic stress under a linearly increasing infinite load, for the drainage ditch.

Figure 33 shows the estimated ground surface settlement beneath the sojl stockpile and the
drainage ditch, both pre- and post-dewatering. Figure 33 shows that:

®* Settlement beneath the soil stockpile due to soil stockpile placement is about
22 inches;
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s« Settlement beneath the drainage ditch due to soil stockpile placement is about
2 inches;

s Post-dewatering settlement beneath the soil stockpile due to soil stockpile placement
and dewatering is about 27 inches; and

s Post-dewatering settlement beneath the drainage ditch due to soil stockpile placement
and dewatering is about 3 inches.

Additionally, based on our analysis, it is our opinion that stockpile settlement impacts on the
crane trestle or gate would be negligible.

11.2 Grading Settlement Analyses

This section presents settlement analyses that incorporate the proposed grading (excluding sol
stockpile and casting basin) and dewatering operations as discussed below. Figure 34 shows the
approximate generalized fill areas and corresponding fill thickness.

For each generalized fill area, we developed a representative soil profile based on nearby soil
explorations. The soil profiles extend from the ground surface to about elevation -150 feet (in
dense to very dense sand and gravel). Elastic and consolidation soil parameters were estimated
based on nearby laboratory and in situ tests. We used 1D consolidation and Atterberg limits tests
to estimate consolidation parameters and pressuremeter and shear wave velocity tests to estimate
elastic parameters.

We estimated settlement in each generalized fill area using elastic and consolidation theory. We
estimated the effective stress increase assuming a uniform load with wide extents and using
estimated groundwater drawdown profiles for the steady-state dewatering condition (Appendix
H). Based on the estimated effective stress increases and the estimated overconsolidation ratio
of the soil, it is our opinion that the state of stress of the subsurface soils in each fill area would
be in the recompression zone. Therefore, it is our opinion that the secondary compression of the
soil would be relatively small.

Figure 34 shows our estimated settlement ranges for each fill area:

= Area 1 (west of casting basin), 2 to 4 inches;

= Area 2 (northwest of casting basin), 1 to 3 inches;

= Area 3 (northeast of casting basin), 1 to 3 inches;

= Area 4 (far east of casting basin), 1 to 4 inches; and
m  Area 5 (near east of casting basin), 3 to 5 inches.

21-1-21190-015-R 1. docx/wp/clp 21-1-21190-012
26



SHANNON 8WILSON, INC,

These settlement ranges include elastic compression, consolidation settlements, and the effect of
secondary compression. Settlement would begin as the fill is placed and the groundwater table is
lowered during dewatering. We estimate settlement would be substantially complete after about

eight to twelve months from the start of fill placement and dewatering.

Our analyses do not consider the compressibility and spatial variability of wood debris and
organic material that may exist at selected locations across the site. In our opinion, long-term
decay/compression of wood and organic material could cause localized settlement at the site.
Because much of the site will be paved with gravel, we recommend re-grading the surface and/or
placing more fill if settlement occurs.

These settlement estimates should be considered in the design of utilities and other site works
that will be accomplished for the project.

12.0 TEMPORARY CONSTRUCTION DEWATERING

Excavation of the PCF will require construction dewatering to contro] groundwater inflow from
the excavation side slopes, reduce instability of the side slopes, and reduce hydrostatic uplift
pressures on the base of the PCF basin slab. The subsurface of the PCF site contains shallow
perched groundwater, as well as multiple aquifers. The 2010 hydrogeologic field testing
performed for this study (discussed in Appendix H) provided data regarding dewatering and
infiltration feasibility at the PCF site and included pumping tests in two pumping wells (PW-3-
10, bottom elevation -20 feet; and PW-4-10, bottom elevation -50 feet), and infiltration testing in
a test pit.

Following the 2010 hydrogeologic field testing program, we worked with the KG team to
evaluate alternative construction dewatering approaches: '

" Top-of-slope dewatering concept: dewatering wells installed around the perimeter of
the PCF at the top of the basin side slopes.

" Toe-of-slope dewatering concept: dewatering wells installed around the perimeter at
the bottom (toe) of the PCF basin side slopes.

After preliminary dewatering analyses, the KG team selected the toe-of-slope dewatering
concept as the preferred alternative. Thus, we based our dewatering analyses and design
recommendations for temporary groundwater control at the PCF site on the toe-of-slope
dewatering concept.
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12.1  Conceptual Dewatering Meodel

Our conceptual dewatering model for the PCF site consists of shallow groundwater perched on a
silt aquitard, which in turn overlies an upper sand aquifer. Based on available subsurface data
and pumping test results, the focus of groundwater control during PCF construction will be the
upper aquifer and shallow perched groundwater. Figures 35 and 36 show conceptual dewatering
cross sections of the PCF site, including a perimeter cutoff trench partway down the basin side
slopes to collect shallow perched groundwater and wells at the toe of the basin side slopes to
dewater the upper aquifer (Figure 35) and depressurize the lower aquifer (Figure 36).

12.1.1 Upper and Lower Aquifers

The deep pumping test in PW-4-10 (down to elevation -50 feet) resulted in limited, to no,
response in the shallow instrumentation (down to elevation -20 feet) installed at the site,
indicating a poor hydraulic connection between the upper aquifer (PW-3-10 pumping test) and
the lower aquifer (PW-4-10 pumping test). The shallow pumping tests in PW-3-10 (down to
elevation -20 feet), however, resulted in up to 9 feet of drawdown in the shallow monitoring
instrumentation. Given proposed excavation base elevations between -13 feet (basin) and
-16 feet (gate), the pumping test results indicate that the most efficient approach to construction
dewatering at the PCF site would focus on the upper aquifer (approximate elevations -10to
20 feet), and, providing sufficient saturated aquifer thickness exists beneath the PCF subgrade,
dewatering with pumped wells will provide an effective means of lowering groundwater levels in
the upper aquifer and a stable sub grade for PCF construction.

Based on the results of the 2010 pumping tests, we do not anticipate that pumping from
wells in the upper aquifer (approximate elevations -10 to -20 feet) will dissipate pore water
pressure in the lower aquifer (elevation -50 feet). Water-bearing granular layers occurring above
approximate elevation -50 feet at the site could create the potential for basal instability of the
PCF subgrade. Reducing the hydrostatic head in the lower aquifer(s) present at the site using
pumped wells that extend down to elevation -50 feet is recommended to reduce the potential for
basal instability of the PCF.

12.1.2  Shallow Perched Groundwater

In addition to the upper and lower aquifers, shallow perched groundwater occurs
throughout many areas of the PCF site within mixed fill, logs, and wood debris. The shallow
groundwater perches on a shallow layer of clayey silt which appears consistent across the site.
Hydraulic properties of the wood/fill layer appear widely variable based on test pits excavated at
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the site by Landau in 2009 and the test pit excavated in 2010 for infiltration testing by KG
(described in Appendix H). Slight groundwater seepage was observed in almost all of the test
pits and rapid seepage was observed in several locations. The location of the seepage was
generally observed to correspond to the contact between the fill and the underlying native soils.
Additionally, the infiltration test pit received 10 gallons per minute (gpm) for many hours at a
time during the 2010 infiltration testing, indicating zones of high permeability in the wood/fill
layer.

For our dewatering analysis, we have assumed that the three main components of
groundwater control during construction at the PCF site include:

* Dewatering the upper aquifer (approximate elevations -10 to -20 feet) and
depressurizing the lower aquifer(s) (elevation -50 feet) using large- diameter
dewatering wells installed in a perimeter within the PCF at the toe of the basin side
slopes.

= Capturing perched groundwater in the wood/fill layer using a perimeter cutoff trench
installed partway down the basin side slopes.

® Infiltrating water into a trench east of the PCF to reduce potential drawdown-induced
ground settlement at the adjacent water clarifier structures.

12.1.3  Excavation Dimensions and Sequence

Based on project drawings, the PCF basin floor is approximately 920 feet long by
190 feet wide and the bottom of the basin excavation is located at approximately elevation -13
feet. Basin side slopes (2.5H:1V) will extend out of the basin up to a top-of-slope elevation of
between 17 and 18 feet. The excavation for the gate structure will extend down to elevation
-16 feet on the outboard (river) side of the gate. With an assumed starting groundwater elevation
of +8 feet, the required drawdown to achicve groundwater levels at least 2 feet below the base of
the excavation for the basin is 23 feet (elevation -15 feet), and for the gate structure is 26 feet
(elevation -18 feet).

Based on discussions with the project team, we assume the following excavation
sequence and construction activities for the PCF:

" An approximately 200-foot-long temporary sheet pile wall will be installed about
100 feet south of the gate structure. The temporary sheet pile wall will extend to
about elevation -40 feet to provide groundwater cutoff during excavation for the gate
structure.

21-1-21190-015-R 1. docx/wplelp 21-1-21190-012
29



%

i
e

= Excavation for the gate structure will be completed; part of gate construction will
include the installation of an approximately 360-foot-long permanent sheet pile wall
that extends to elevation -42 feet or lower to provide groundwater cutoff for
construction and permanent PCF dewatering systems.

= Basin excavation and dewatering operations will progress from the gate northward in
four sections, each about 230 feet long. Each 230-foot section will take
approximately three to four weeks to complete.

12.2  Groundwater Modeling

We evaluated dewatering well number, spacing, and discharge rates for the PCF construction
dewatering system by constructing a transient, three-dimensional numerical groundwater flow
model. We used the USGS computer program MODFLOW (McDonald and Harbaugh, 1988),
included in the Groundwater vistas (version 5.35) groundwater modeling package (Rumbaugh
and Rumbaugh, 2007). We based our model for the PCF construction dewatering system on the
stratigraphic sequence estimated by the subsurface profiles as presented in Appendix D, the soil
borings and test pits, and the results from the 2010 pumping and infiltration tests.

Table H-4 summarizes the structure and hydraulic soil properties used in the groundwater model,
including elevation range, hydraulic conductivity, and assumed soil type of each model layer.
The groundwater model domain is about 4,400 feet wide and about 5,900 feet long and consists
of 672 rows and 306 columns. The row and column dimensions vary from 100 feet at the outer
edges of the model, decreasing to 2 feet in the center of the mode! where PCF dewatering and
infiltration were simulated. Other model details include:

= Constant head boundaries on opposite sides of the model to generate an initial
groundwater elevation of about 8 feet in the vicinity of the PCF.

=  General head boundaries to simulate the dewatering wells (lowest elevation -20 feet,
bottom of the upper aquifer) and the infiltration trench (highest elevation +12.5 feet,
approximate ground surface elevation along the east edge of the PCF site).

= A drain boundary to simulate the perimeter cutoff trench and wall boundary to
simulate temporary and permanent sheet pile walls at the gate.

= Preconditioned Conjugate-Gradient 2 (PCG2) solver option with a head change
convergence criterion of 0.01 foot.

As discussed above, our construction dewatering approach focused on the upper aquifer
(approximate elevations -10 to -20 feet). The hydraulic conductivity range of 6 to 12 feet per
day (4)(10'3 to 8x10° feet per minute) used for this unit is based on calibrating the model to
pumping time-drawdown data from the 2010 pumping tests in well PW-3-10.
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Our analysis includes the following assumptions:

® Initial groundwater elevation: +8 feet
Upper aquifer: hydraulic conductivity of 6 to 12 feet/day; storage coefficient of
0.01 (dimensionless)

= Lower aquifer: hydraulic conductivity of 7 to 15 feet/day; storage coefficient of 0.01
(dimensionless)

® Shallow perched layer: hydraulic conductivity of 130 feet/day; storage coefficient of
0.2 (dimensionless)

" Required drawdown in upper aquifer: 23 to 26 feet

*  Temporary cutoff wall in place: 200 feet long, down to elevation -40 feet, about
100 feet south of and parallel with gate alignment

®* Permanent cutoff wall in place: 360 feet long, down to elevation -45 feet, parallel
with gate alignment

® Thirty-three dewatering wells along the toe of basin slope fully penetrate the upper
aquifer down to elevation -20 feet, with wells spaced 50 feet apart at the gate,
expanding to 100 feet apart at the north end of the basin

= Eight out of the thirty-three dewatering wells extend down to elevation -50 feet

®* Perimeter cutoff trench located partway down the basin side slope, 4 feet wide, with a
base elevation of about 0 feet

* Infiltration trench about 500 feet long, 4 feet wide, and 15 feet deep, aligned about
460 feet east of the basin parallel to the east property boundary

Construction dewatering system components noted above are shown in a dewatering well layout
plan (Figure 37).

We note that the results from the 2009 pumping tests (Landau, 2009) indicate hydraulic
conductivity values lower than those based on the 2010 pumping tests described in this report.
The 2009 pumping tests were performed at elevations below -35 feet in material of lower
permeability than that pumped in PW-3-10 (approximate elevations -10 to 20 feet). In our
opinion, using the hydraulic conductivity range based on the pumping tests in well PW-3-10 for
our dewatering analysis is appropriate, given that the proposed dewatering wells will primarily
target the upper aquifer (approximate elevations -10 to -20 feet) during construction.
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12.3 Results

We estimate the groundwater discharge from the construction dewatering system could range
between 200 and 600 gpm during the early stages of dewatering, decreasing to between 100 and
300 gpm after three months or more of dewatering system operation. If actual subsurface
conditions differ (permeability or aquifer thickness) than those assumed, greater or lower
dewatering discharge rates may occur.

Tables H-5 and H-6 summarize groundwater modeling results for the low-conductivity and high-
conductivity assumptions, including the increasing total number of dewatering wells operating at
successive time steps in the transient model. Based on these modeling results, total dewatering
discharge rates (dewatering well combined with perimeter cutoff trench discharge) are highest at
early stages of dewatering when neatly all the dewatering wells are pumping and the total length
of perimeter trench is cutting off perched groundwater.

Construction dewatering groundwater drawdown contour plans are included as Figure H-12
(sheets 1 through 8). This figure shows pro gressive dewatering and drawdown of the upper
aquifer through the basin as dewatering wells become active in groups from the gate area
northward at successive time steps in the transient model. The drawdown shown in Figure H-12
is from a layer in the model between elevations -14 and -16 (a portion of the upper aquifer
[approximate elevations -10 feet to -20 feet]), which encompasses the anticipated required
drawdown elevation of -15 feet throughout the basin.

The modeling results indicate that the eight deep dewatering wells (elevation -50 feet)
sufficiently depressurize the lower aquifer(s) to obtain a suitable factor of safety against basal
instability of the PCF.

The modeling results also indicate effective drawdown of shallow perched groundwater using the
perimeter cutoff trench, and recharge/mounding using the infiltration trench, but are not directly
observed in the elevation interval shown in Figure H-12. Dewatering of shallow perched
groundwater and mounding from the infiltration trench are captured in shallower layers of the
model that represent fill materials overlying native silt. In our opinion, this is an expected result,
given our conceptual model (described above) and numerical model layers (summarized in

Table H-4), which include a layer of low-permeability silt extending across the site from
elevations -10 to +5 feet. Our dewatering recommendations described below include monitoring
wells along the east property boundary to evaluate the mitigation provided by the infiltration
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trench against potential drawdown-induced ground settlement at the adjacent wastewater
treatment plant.

12.4 Conclusions and Recommendations

The modeling results indicate that the upper aquifer (approximate elevations -10 to -20 feet) may
be dewatered using 33 dewatering wells at the toe of the basin slope, spaced 50 feet to 100 feet
apart (Figure 37), provided the assumptions listed above are met. However, a simplified
numerical model simulation cannot fully represent the actual variability in soil and groundwater
conditions at the site. For instance, interpolation of soil behavior from CPT data (discussed in
Appendix D and presented in F igures D-1 and D-2) suggests that the upper aquifer may become
thinner and less permeable in the southern third of the basin and around the gate structure. If this
is the case, discharge rates may be lower in dewatering wells and additional dewatering
components (such as additional or deeper dewatering wells, sumps, trenches, and/or well points)
may be needed to achieve groundwater drawdown criteria. In our opinion, given the potential
for laterally variable soil and groundwater conditions at the site, 33 dewatering wells on a 50- to
100-foot spacing should be considered a minimum approach for construction dewatering.

The near presence of the basin subgrade to the top of the clayey silt aquitard at approximately
elevation -20 feet will likely prevent complete drainage of the upper aquifer (approximate
elevations -10 to -20 feet) in some locations. Additionally, it is our opinion that, even with
groundwater drawdown criteria achieved in the upper aquifer, fine-grained soils at the PCF site
(such as very soft silt with variable clay and fine sand) will potentially retain a high moisture
content and will likely remain in a weak and soft condition during excavation. Only time of year
(summer and early fall) and lengthy pumping will reduce this problem.

We evaluated the potential for basal instability and hydrostatic uplift pressure in soil units
underlying the basin. Our analysis assumes that the dewatering wells have been installed as
shown in Figure 37 and function as shown in Appendix H prior to basin excavation. Hydrostatic
uplift pressure from the upper aquifer (approximate elevations -10 to -20 feet) would be suitably
reduced by the temporary and permanent dewatering systems. In our opinion, the soil column
below the basin excavation is sufficiently thick to resist the hydrostatic uplift pressure from the
deep gravel layer below an approximate elevation of -100 feet. However, as described above,
the lower aquifer(s) occurring above approximate elevation -50 feet at the site could create the
potential for basal instability of the PCF. Thus, our dewatering recommendations, listed below,
include deep dewatering wells to reduce the hydrostatic pressure in the lower aquifer(s).
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We recommend the following for PCF construction dewatering:

= Install 33 dewatering wells at the toe of the basin slope on a 50- to 100-foot spacing
as shown in the dewatering well layout plan (Figure 37) in accordance with the
dewatering well schematic (Figure H-13); install 25 of the dewatering wells to about
elevation -20 feet to extend 3 feet into the silt layer underlying the upper aquifer;
install 8 of the dewatering wells to about elevation -50 feet; add dewatering wells as
needed based on monitoring well data.

= Install additional VWPs along the center line of the basin (Figure 39) with the tips at
elevations -20 and -50 feet as discussed in the Section 16 below and in accordance
with the schematic shown in Figure 41; measure groundwater levels in VWPs during
construction to evaluate performance of dewatering wells.

= Install temporary monitoring wells along the center line of the basin and at locations
around the site perimeter (Figure 39) in accordance with the schematic shown in
Figure 41; measure groundwater levels in monitoring wells during construction to
evaluate performance of the dewatering wells.

= Install a perimeter cutoff trench partway down the basin side slopes to
intercept/collect perched groundwater:

—  Excavate a perimeter cutoff trench (3 to 4 feet wide) that extends to the top of
perching silt layer. The elevation of the perching silt varies and is typically
about elevation 0 foot;

— Install a perforated drain in the perimeter cutoff trench and backfill with free-
draining sand and gravel; and

—  Route the perforated drain to sump locations installed around the perimeter of
the basin.

= Install additional dewatering system components, such as sumps with pumps, as
required. Sumps with pumps will likely be required locally to control groundwater
that was not intercepted by the dewatering wells or the perimeter cutoff trench.

= Install an infiltration trench (4 feet wide, 15 to 20 feet deep, and about 500 feet long)
along the east edge of the site (see Figure 37 for location) to mound groundwater in
order to mitigate against potential drawdown-induced ground settlement at the
adjacent wastewater treatment plant; backfill the infiltration trench with free-draining
gravel.

= Install VWPs along the east property boundary (Figure 39) with the tips at elevations
-20 and -50 feet as discussed in the Section 16 below and in accordance with the
schematic shown in Figure 41; measure groundwater levels in VWPs during
construction to evaluate the performance of the infiltration trench and to verify that
sufficient recharge/mounding occurs to reduce the potential for settlement at the
adjacent wastewater treatment plant.
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= Shannon & Wilson should log and sample the soil encountered during well and
infiltration trench installation to observe that the soil conditions represent the
formation conditions anticipated and the assumptions used in our dewatering
modeling.

Performance criteria for dewatering will be included in project documents, including drawdown
limits. Existing and additional monitoring wells in the PCF vicinity should be used to monitor
groundwater levels prior to and during construction to evaluate dewatering system performance.
We understand that dewatering well installation and operation will begin about a month prior to
basin excavation. In the event that the required drawdown criteria are not satisfied, field
modifications to the dewatering system will be required and will be determined on a case-
specific basis. We recommend allowing a minimum of 30 days of pumping on the recommended
wells prior to any system modifications.

We understand that water collected by the temporary dewatering system will ultimately be
treated, as required, and discharged to the locations shown in the project drawings.

13.0 PERMANENT DEWATERING SYSTEM

Based on the subsurface conditions encountered near the basin subgrade level, it is our opinion
that the basin can be dewatered during the pontoon construction using the recommended 2-foot-
thick sand and gravel drainage layer placed below the permanent basin slab, as described in
Section 15. Longitudinal perforated drains should be installed at the toe of the basin slopes in
the sand and gravel drainage layer below the basin slab and transverse perforated drains should
be installed across the basin in the drainage layer. The transverse drains should be connected to
the longitudinal drains and should be routed to the sump locations installed around the perimeter
of the basin. The design of the drains and spacing has been accomplished by the civil engineer.

The perimeter cutoff trench (described above) should be part of the permanent dewatering
system and discharge from the trench should also be routed to the basin sump locations. The
sumps should be continuously pumped to maintain lowered groundwater levels so that uplift
pressures do not act on the base of the PCF slab.

In addition, we recommend that dewatering wells used during excavation be integrated with the
drainage layer to provide additional dewatering capacity in the event that groundwater levels are
not lowered in a timely manner during the unwatering cycle of the flooded basin (Figures 35 and
36).
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We recommend monitoring groundwater levels in the VWPs installed through the center line of
the basin during the unwatering cycles of the facility to evaluate the effectiveness of the
dewatering system(s). We also recommend slowing or halting unwatering to allow time for
sufficient drawdown in the event that groundwater levels in the upper aquifer (approximate
elevations -10 to -20 feet) or lower aquifer(s) (down to elevation -50 feet) are not sufficiently
Jowered, to mitigate potential base instability of the PCF.

We evaluated potential groundwater discharge rates of the PCF permanent dewatering system by
constructing a steady-state MODFLOW groundwater flow model based on the transient model
described above for construction dewatering. We applied the same aquifer parameters and
model layer assumptions as in the construction dewatering model (summarized in Table H-4),
with a drawdown of up to 22 feet in the basin to elevation -13 feet.

We estimate the stabilized, steady-state groundwater discharge from the permanent dewatering
system could range from about 100 to 200 gpm. Flow rates should decrease over time as the
saturated thickness of the water-bearing soil decreases due to dewatering.

A dewatering groundwater drawdown contour plan for the long-term condition is included as
Figure H-14. The drawdown shown in Figure H-14 is from a layer in the model between
elevations -12 and -14 (a portion of the upper aquifer [approximate elevations -10 feet to -20
feet]), which encompasses the anticipated drawdown to elevation -13 feet throughout the basin in
the long-term condition. Based on this analysis, about 1 foot of drawdown could occur in the
upper aquifer up to about 1,900 feet away from the edge of the drainage layer in the steady state
condition.

We understand that water collected by the permanent dewatering system will ultimately be
treated, as required, and discharged to the locations shown in the project drawings.

We also conducted seepage analyses to evaluate water movement below the PCF gate and sheet
pile cutoff wall to estimate exit gradients at the interface between the drainage layer and the
underlying native soil. We evaluated potential groundwater seepage conditions at the PCF gate
and cutoff wall by constructing a groundwater flow model using the 2D, finite-element seepage
analysis program SEEP/W 2007, which is part of the GeoStudio 2007 software package
developed by Geo-Slope International (2007).
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We developed the steady-state seepage models based on soil and groundwater data collected
during previous explorations by Landau (Landau, 2009), and from our 2010 hydrogeologic field
testing program. Our evaluation includes the following assumptions:

" Initial groundwater elevation +8 feet

" Chehalis River stage elevation +10 feet

® Drainage layer head elevation -11.5 feet

® Surface elevation -13 feet on outboard (river side) of cutoff wall

= Sheet pile cutoff wall depths varying between clevations -30 and -50 feet
* Saturated soil hydraulic conductivity:

— Drainage sand: 285 feet per day
— Slightly silty to silty sand: 6 to 12 feet per day
— Silt: 0.03 feet per day

Based on the results of these analyses, we recommend that the tip of the sheet pile cutoff wall
extend to elevation -42 feet or deeper below the gate structure.. The seepage analyses indicate
that extending the sheet pile to elevation -42 feet or deeper results in exit gradients at the
interface between the drainage layer and the underlying native soil of 0.1 or Jess. An exit
gradient of 0.1 or less is substantially lower than the maximum exit gradient of 0.5 recommended
by the U.S. Army Corps of Engineers (USACE) for levees (USACE, 2000).

14.0 PAVEMENT DESIGN

This section presents design and construction recommendations for the gravel-surfaced and hot-
mix asphalt (HMA)-paved areas in the PCF. We understand that the heavy equipment, trucks,
and forklifts will be driving over the gravel areas and that lighter-weight vehicles will travel on
the HMA-paved areas. The HMA-paved areas comprise the entrance way and a parking lot for
passenger cars and light trucks. The HMA paved catch basin access road will be utilized by
concrete trucks (Figure 2). An offsite HMA pavement design for two City of Aberdeen street
intersections was submitted in a separate memorandum. The pavement subgrade conditions,
traffic loading, design methodology, section recommendations, and construction considerations
are presented below.

14.1  Subgrade Conditions

The subgrade conditions utilized in the pavement analyses were based on the test pits and
borings that were presented in the GDR (Figure 3). Typically, in the upper 15 feet, the
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subsurface explorations encountered loose to dense silty, sandy gravel and sand fill layer
underlain by a layer of wood debris that overlies a soft silt layer. On portions of the site, this fill
layer also contains organics and wood debris and has a thickness as great as 7 feet, as observed
in the explorations completed at the site. The wood layer was also encountered at the surface in
some of the explorations.

14.2 Traffic Load

We understand that various construction equipment including cranes, loaders, forklifts, and
trucks will be utilizing the gravel areas during construction of the PCF. The equipment axle
loads and other specifications were provided by KG. Based on discussions with KG, we used an
axle load of 64 kips from the Hyster H300HD forklift as the design axle load. KG provided
11,000 repetitions for a Hyster forklift axle load to represent the trafficked areas at the site.

For the HMA pavement areas that consist of the entrance way, parking lot, and the casting basin
access road, we estimated the traffic load based on the intended use of each area. For the
entrance way, we assumed a traffic load of 500,000 equivalent single axle loads (ESALSs). This
assumed traffic load is the same as the traffic load that was assumed for the off-site pavement
(during the duration of PCF construction) (Shannon & Wilson, 2010). The traffic load, as
provided by KG, is based on gross vehicle weight of 105,500 pounds for the 8-axle
trucks/trailers that are proposed to haul material off the site, 270 daily trips during the year 2011,
and 70 daily trips during years 2012 to 2014.

We assumed the parking lots will be used for personally owned vehicles, light trucks, and
occasional delivery or service trucks. We assumed an average daily traffic of 350, with 2 percent
of the trucks resulting in a traffic load of about 10,000 ESALs.

We understand that concrete trucks will make approximately 1,500 trips on the casting basin
access road during the duration of the construction. Therefore, we assumed 5,000 ESALSs.

14.3 Design Approach

For the gravel-surfaced areas, due to the axle loads of the construction equipment and the low
and variable subgrade strength throughout the PCF, geogrid reinforcement and/or geotextile for
separation was considered to reduce the gravel base course thickness. We used the Giroud and
Han methodology (Giroud and Han, 2004) to estimate the thickness of the base course. This
method considers distribution of stresses, strength of base course material, interlock between the
geogrid and base course material, traffic volume, wheel loads, and subgrade strength.
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For the HMA-paved areas, we used the AASHTO method (WSDOT, 2005) in accordance with
the project requirements and WSDOT Pavement Policy. The AASHTO design method is an
empirical design based on actual performance and is a widely used method for HMA pavement
design subjected to passenger vehicle and standard truck traffic. It considers the strength of
materials and traffic stresses in each layer of the flexible pavement section and the strength of the
pavement subgrade.

Based on the above explorations, we found the subgrade conditions and layer thickness to be

variable. Therefore, based on discussions with the KG team, we developed pavement sections
assuming California bearing ratios (CBRs) of 1 and 10 percent. In our opinion, the above two
values of CBR provide a potential range of CBR for the PCF pavement subsurface conditions.

A summary of our inputs for estimating pavement thickness is presented below:

Flexible Pavement Design Parameter Value

= Design ESALs 500,000 entrance way
5,000 casting basin access
10,000 parking lots

= Initial Serviceability Index, Pi 4.5

* Terminal Serviceability Index, Pt 3.0

= Reliability 85 percent

* Standard Deviation 0.45

" Structural Coefficient — Asphalt 0.44

* Structural Coefficient — Aggregate 0.13

® Drainage Coefficient, m 1.0

®  Subgrade My 2,500 pounds per square inch (psi)

(CBR 1 percent)
u 10,000 psi (CBR 10 percent)

14.4  Gravel-surface and Hot-Mix Asphalt (HMA) Section Recommendations

Tables 7 and 8 present the recommended section thicknesses for the gravel-surface and HMA
pavement sections, respectively. Figure 38 presents the grading areas that correspond to the
gravel section thicknesses presented in Table 7. Table 7 presents the section thicknesses for the
two CBR values that were assumed for the existing subgrade.
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14.5 Pavement Surface Drainage and Subdrainage

Excess water that accumulates in the base course and subgrade layers and does not rapidly drain
can reduce the pavement design life and weaken the subgrade support. Water in the pavement
can be from surface infiltration through the exposed aggregate surface in the unpaved areas, or
pavement cracks in the HMA pavement areas, or from high or perched groundwater.

Therefore, for the HMA paved areas, we recommend constructing drainage ditches or trench
subdrains along the pavement edges. The pavement subgrade surface should be graded to drain
toward the ditches. The pavement base material should be extended and daylighted into these
drainage ditches to ensure drainage continuity. Surface water runoff from the margins of
pavement areas should be collected to reduce seepage into the pavement base and subgrade.

For the gravel-surfaced areas, we recommend that the base and ballast surfaces be graded to
drain toward the edges of the trafficked areas. Rutting and dislodging of aggregates is expected
to occur over time under the wheel paths, especially during the wet or thawing seasons.

15.0 MATERIALS AND CONSTRUCTION CONSIDERATIONS

15.1 Basin Slopes and Cutoff Trench

To maintain local stability of the side slopes considering groundwater seepage, as well as
flooding and unwatering of the basin during float-out, a 4-foot-thick layer of free-draining,
graded, granular filter material consisting of 2 feet of sand and gravel and 2 feet of shot rock will
be placed on the slope after excavation.

A 12-ounce/square yard nonwoven geotextile for drainage filtration should be placed on the sand
and gravel filter prior to shot rock layer construction in accordance with WSDOT Standard
Specifications Tables 1 and 2 in Section 9-33.2[1] (Geotextile for Underground Drainage
Filtration, Moderate Survivability, Class C) with no limitation on the apparent opening size,
provided the water permittivity criteria is met. This heavier geotextile will be utilized for
drainage and slope protection. In the cutoff trench, a layer of nonwoven separation geotextile
should be placed on the exposed native soil prior to placement of the sand and gravel filter soil
layer.

We recommend using the following materials for the basin slope and cutoff trench from the
WSDOT Standard Specifications:

= Sand and Gravel Filter: Sand Drainage Blanket (Section 9-03.13[1])
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= Shotrock: Light, loose riprap (Section 9-13.1[2]) with a maximum size of 14 inches
15.2  Basin Slab Underdrain

A 2-foot-thick free-draining, graded, granular filter material is required beneath the casting basin
slab for an underdrain. The basin slab underdrain should consist of a sand and gravel filter soil
that corresponds to WSDOT Standard Specifications Section 9-03.13(1) Sand Drainage Blanket.
As the basin slab is supported by steel pipe piles, the sand and gravel filter should be graded to a
uniform surface and compacted by track-walking with multiple passes of a low-ground pressure
bulldozer.

We recommend that a geotextile be placed beneath the basin slab underdrain (2-foot-thick sand
and gravel filter). The geotextile would be an 8-ounce/square yard nonwoven geotextile that
meets the minimum requirements in accordance with WSDOT Standard Specifications Section
9-33.2(1) Table 3 for soil stabilization.

The soil in the bottom of the basin is subject to loss of strength due to disturbance. If native soil
is too soft to support construction equipment without rutting or softening, a working surface that
consists of sand and gravel filter soil, ballast, or shot rock could be placed on the native soil to
reduce disturbance and provide support for construction equipment. Depending on the
subsurface conditions encountered at the bottom of the basin, a layer geogrid(s) may be required
for installation of the basin slab underdrain to improve stability and reduce mixing of the sand
and gravel filter underdrain soil with native soil.

15.3  General Excavation and Temporary Slopes

To provide safe working conditions and prevent ground loss, excavation slopes should be the
responsibility of KG. All current and applicable safety regulations regarding excavation slopes
and shoring should be followed. In accordance with the WSDOT GDM, any temporary slopes or
shoring should comply with appropriate Washington Administrative Code guidelines.

15.4  General Backfill Placement and Compaction

All backfill should be placed in horizontal lifts and compacted to 90 percent of the maximum dry
density (ASTM D 1557). Because of the potential for the subgrade to be relatively soft, it may
be difficult to achieve compaction requirements in structural fill lifts near the subgrade. Ifthe
subgrade is too soft, loose, or wet to allow adequate compaction, we recommend over excavating
below the design subgrade level. If soft, compressible soil is present after overexcavation, a
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geotextile, geogrid, or shot rock may be required to stabilize the subgrade, before placing
backfill.

15.5 Pavement Materials and Construction Considerations

Aggregate top (wearing) course and HMA should be constructed in accordance with WSDOT
Standard Specifications for Road, Bridge, and Municipal Construction. HMA should conform to
Section 5-04 in the WSDOT Standard Specifications.

The HMA should meet WSDOT Standard Specifications Section 9-03.8 requirements for HMA
subjected to less than 3 million ESALs. HMA shall consist of HMA Class Y2 inch aggregate
(WSDOT Standard Specifications Section 9-03.8), and should be constructed in accordance with
the WSDOT Standard Hot-Mix Asphalt Pavement Section.

The top course beneath HMA-surfaced areas would consist of crushed surfacing top course
material and should meet the requirements of WSDOT Standard Specifications Section 9-03.9(3)
Top Course.

The ballast surface for gravel-surfaced areas would consist of material that should meet the
requirements of WSDOT Standard Specifications Section 9-03.9(1) ballast except that the sand
equivalent should be a minimum of 30.

The base for gravel-surfaced areas would consist of select borrow material and should meet the
requirements of WSDOT Standard Specifications Section 9-03.14(2).

Structural fill that will be used to raise grades beneath the gravel surface and HMA top course
should meet the WSDOT Specifications for Common Borrow (Section 9-03.14 (3)). Structural
fill should not contain organics or deleterious material.

After stripping is performed, the subgrade of all areas to receive new pavement or gravel-
surfacing should be proof-rolled, graded to its design grade, smoothed, sloped, and compacted
with a static roller. If loose and/or wet, spongy soil zones are identified in limited areas, the soil
should be removed and replaced with ballast and/or compacted select borrow fill depending upon
the nature of the subgrade material exposed. This material should then be compacted with a
heavy, smooth-drum, static roller.

In areas where separation geotextile and geogrid are to be placed, we recommend that the
geotextile be placed on the exposed subgrade that has been cleared, grubbed, and prepared as
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indicated above. The geogrid should then be placed on top of the separation geotextile. We
recommend that the structural geogrid have the following minimum characteristics:

. 'Load Capacity! | Units | MDValues | XMD Values
True Initial Modulus in Use Ibs/ft 17,000 27,000
True Tensile Strength at 2 Percent Strain lbs/ft 250 450
True Tensile Strength at 5 Percent Strain Ibs/ft 550 900

Notes:

! True resistance to elongation when initially subjected to a load measured via ASTM International D 6637 without
deforming test materials under load before measuring such resistance or employing “secant” or “offset” tangent
methods of measurement so as to overstate tensile propetties.

Ibs/foot = pounds per foot

MD = machine direction

XMD = cross machine direction

Aperture Dimensions: 0.9 to 1.5 inches

Junction Efficiency: 90 percent
Rib Shape: Square or Rectangular
Rib Thickness: 0.03 inch

Where required by Tables 7 and 8, we recommend that the geotextile be an 8-ounce/square yard
nonwoven geotextile that meets the minimum requirements in accordance with WSDOT
Standard Specifications Section 9-33.2(1) Table 3 for soil stabilization.

Geotextile and geogrid should be installed according to the manufacturers’ installation
guidelines.

15.6  Utilities

All utility trenches should be backfilled with select borrow (WSDOT Standard Specifications
9-03.14[2]). Backfill in the pipe zone should consist of gravel backfill for pipe zone bedding
(WSDOT Standard Specifications 9-03.12[3]). We anticipate that excavation could be
accomplished with conventional excavation equipment, although debris may be encountered. As
a result, it may be necessary to increase the thickness of bedding material below utilities to
maintain a sufficient thickness above large debris in some areas. Soil exposed at the bottom of
the deep trenches may be easily softened or disturbed by construction equipment and operations,
especially near the groundwater table. If the subgrade is disturbed due to soft or wet conditions,
additional soil excavation below the bedding level is recommended. If the subgrade is relatively
dry, the excavated soil can be replaced with additional foundation stabilization material. If wet
conditions are present in soft compressible soil after overexcavation, then we recommend
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placing shot rock, ballast, or select borrow to stabilize the subgrade, before placing foundation
stabilization material.

Backfill should be placed in lifts not exceeding 8 inches if compacted with hand-operated
equipment, or 12 inches if compacted with heavy equipment. There should be sufficient cover
over the pipe, however, so that when heavy compactors are used, the pipe is not damaged during
backfill compaction. Backfill above the utility pipe zone should be compacted to 85 and

90 percent maximum dry density (ASTM D 1557), in non-traffic and traffic areas, respectively.
Catch basins, utility vaults, and other structures installed flush with the finish grade should be
designed and constructed to transfer wheel loads to the base of the structure.

15.7 Wet Weather and Wet Condition Considerations

Most of the soil at the site likely contains sufficient fines to produce an unstable mixture when
wet. Such soil is highly susceptible to changes in water content and tends to become unstable
and difficult or impossible to proof roll and compact if the moisture content significantly exceeds
the optimum. In addition, during wet weather months, the groundwater levels could increase,
resulting in seepage into site excavations. Performing earthwork during dry weather would
T reduce these problems and costs associated with rainwater, trafficability, and handling of wet
s soil.

Based on our understanding of the construction schedule, rainy periods will generally occur
during PCF construction. As a result, we highly recommend that KG review the following
considerations to reduce the potential for more difficult earthwork operations during wet
weather:

= The ground surface in and surrounding the construction area should be sloped as
much as possible and sealed with a smooth-drum roller to promote runoff of
precipitation away from work areas and to prevent ponding of water.

=  Work areas or slopes should be covered with plastic. The use of sloping, ditching,
sumps, dewatering, and other measures should be employed as necessary to permit
proper completion of the work.

= Ifthere is to be traffic over the exposed subgrade, the subgrade should be protected
from disturbance.

= Earthwork should be accomplished in small sections to minimize exposure to wet
conditions. That is, each section should be small enough so that the removal of
unsuitable soil and placement and compaction of clean structural fill could be
accomplished on the same day. The size of construction equipment may have to be
limited to prevent soil disturbance. It may be necessary to excavate soil with a
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backhoe, or equivalent, and locate the equipment so that it does not pass over the
excavated area. Thus, subgrade disturbance caused by equipment traffic would be
minimized.

= Fill material should consist of clean, well-graded, pit-run sand and gravel soil, of
which not more than 5 percent fines by dry weight passes the No. 200 mesh sieve,
based on wet-sieving the fraction passing the %-inch mesh sieve. The fines should be
nonplastic.

® No soil should be left uncompacted and exposed to moisture. A smooth-drum
vibratory roller, or equivalent, should roll the surface to seal out as much water as
possible. Because of the soft subgrades likely present at the site, use of a static roller
may be necessary.

® In-place soil or fill soil that becomes wet and unstable and/or too wet to suitably
compact should be removed and replaced with clean, granular soil (see gradation
requirements above).

®* Grading and earthwork should not be accomplished during periods of heavy,
continuous rainfall.

The above recommendations apply for all weather conditions, but are most important for wet
weather earthwork.

16.0 GEOTECHNICAL INSTRUMENTATION PROGRAM

We recommend a geotechnical instrumentation program be used to document and monitor work
performed near settlement and vibration sensitive structures and utilities, dewatering progress,
and stockpile deformation. The primary objectives of the geotechnical instrumentation program
are:

® Indicate whether or not the construction procedures used are generating surface
ground movements and vibration intensities within specified limits.
®* Provide early warning of adverse trends and implementation of action levels.

" Provide sufficient data to determine the source of unanticipated ground movement
and to plan remedial measures.

® Determine when remedial measures need to be implemented to protect structures,
utilities, and other improvements.

* Monitor the degree that protective or remedial measures are limiting deformations
and pore pressure responses, and to provide early indication when alternative means
of protection may be necessary.

® Provide data for settling legal disputes.
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= (Confirm design assumptions and provide data that could improve future designs
and/or changes to the present design.

We recommend that the geotechnical instrumentation and monitoring program be developed to:

»  Survev and document the structural pre-construction of adjacent existing facilities.
s Measure horizontal and vertical movement of existing structures and the stockpile.
=  Measure vibration levels resulting from construction activities.

=  Monitor opening or closing of existing cracks in adjacent existing facilities.

=  Monitor changes to groundwater levels as a result of construction.

»  Provide action levels for monitored displacements, pore pressure changes, and other
critical measurements.

The following sections provide additional information regarding these proposed activities.

16.1 Pre-construction Survey

Before beginning geotechnical instrumentation installation or construction, a pre-construction
survey of accessible buildings, structures, and utilities along the project alignment and within the
potential influence distance of proposed construction should be undertakten. The survey should
document the existing condition of each facility with diagrams, sketches, photographs, and/or
video recordings. The survev records should include, but not be limited to, length and width of
existing cracks, number of cracks, indications and locations of past or current seepage, condition
of door and window jams, condition of paint_ etc. For inaccessible facilities, such as smaller-
diameter sewers, a closed-circuit television survev should be preformed. Where applicable, the
surveys should be videotaped/photographed and conducted in the presence of representatives of
the facilitv owner, KG, and WSDOT. A formal detailed report for each surveved facility should
be developed and signed by each member of the group.

We recommend that pre-construction survevs be performed for the facilities located along the
project’s north, east. and west boundaries including the adjacent Aberdeen Wastewater

Treatment Plant and Port facilities.

Dhuring the pre-construction survev the need for and possible extent of instrumentation and
monitoring of site features outside the limits of construction should be determined. Shannon &

Wilson should assist KGin review of the pre-construction survey and selection of appropriate

Instrumentation.
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16.2 Geotechnical Instruments

The tvpes, numbers, and locations of the geotechnical instruments depend on the proposed
construction methods, sequence, and durations, as well as on the proximitv, foundations
characteristics, and conditions of adjacent facilities. The instrument tvpes discussed in the
following sections should be considered for use in the geotechnical instrumentation and
monitoring program. Our proposed geotechnical instrumentation is discussed below and the

lavout is shown in Figure 39.

16.2.1 Deformation Monitoring Points (DMPs)

Deformation monitoring points (DMPs) are fixed markers (survev hubs, pins, or targets)
monitored (in conjunction with standard surveving techniques) to evaluate vertical and
horizontal deformations. DMPs are an effective method of monitoring ground and adjacent
facility movements to assist with assessing construction-induced impacts. DMPs include
near-surface settlement points placed near the ground surface for the purpose of monitoring
changes in elevation of existing ground. All settlement points would be monitored by optical or

laser survev methods to determine displacements.

Near-surface settlement points (NSPs) consist of settlement rods driven into place to
ensure that the rods will move with the soil in which thev are embedded. Each settlement rod is
protected bv a waming stake or bollard to prevent damage from construction traffic. In
conjunction with survey equipment, NSPs are used to monitor settlements in unimproved areas,
settlement associated with dewatering, and locations adjacent to settlement sensitive structures.
Our proposed locations for the NSPs are shown in Figure 39 and a tvpical section of a NSP is
shown in Figure 40. We recommend that the NSPs be located adjacent to proposed project
features that will provide a bamrier from construction traffic (1.e., vaults, light poles), such that

they will not be disturbed as construction proceeds.

All DMPs and N5Ps will be monitored by optical or laser survey methods annually with
any displacements recorded. At the close of the project a summary of all DMP and NSP

displacements will be completed and given to WSDOT for future reference.
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16.2.2 Seismographs

Seismographs are instruments that measure vibration intensitv and frequency. We
recommend that vibration levels from construction activities be monitored at structures located
within 100 feet of the area where construction activity is occurring. In general, vibrations should
be monitored during the installation of the pipe piles and any sheet piles that are installed with
either impact or vibratorv hammers, or other construction activities that generate significant
vibrations.

Vibrations should be measured in terms of frequency and peak particle velocity (PPV).
Dwuring construction, seismographs should be placed at the ground surface adjacent to each
structure to determine that vibration levels are below the response values. Background
vibrations should be recorded for each adjacent structure and at representative ground locations
before the start of construction. The response values for allowable PPV should be coordinated
with utility and/or structure owners. The magnitude of the response values should consider the

nature of the facilitv, the tvpe of construction, and its existing condition.

16.2.3 Monitoring Wells (MW?)

Monitoring wells (MWs) and VWPs obtain groundwater level measurements associated
with the dewatering operations. A tvpical MW and VWP are shown in Figure 41, and the
recommended locations of the MWs and VWPs are shown in Figure 39. The primarv purpose of
the MWs and VWPs is to observe groundwater drawdown around the site for correlation to
settlement observed by the NSPs. The groundwater measurements will also provide an early
indication of future potential ground settlements. That is, the pore pressure changes will
generally occur before ground settlement would be observed, considering the fine-grained nature
of the foundation soils. Additionally, the VWPs beneath the basin slab would be permanent and
used to observe pore pressure during the unwatering cvcles. Dataloggers can be connected to the
VWPs,_ and waterlevel loggers can be installed in the MWs to obtain groundwater level readings
at closelv spaced time intervals without the need for manual surveving. KG mayv elect to install

dataloggers and water level loggers in select MWs or VWPs near settlement sensitive facilities.

16.3 Monitoring Frequency

Monitoring frequency would vary widelv for each of the instrument svstems and for each
category of construction. DMPs, MWs/VWPs, and seismographs should be installed and a
minimum of fourreadings_ ideallv at least one week apart, should be obtained before the start of
construction to provide a baseline.
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A typical monitoring frequency for DMPs is once-dailv visual monitoring of points within 100
feet of pile driving operations. The visual monitoring, performed bv K G, should include
observations such as ground and/or structure cracking, gradual ground depressions and slopes,
pavement cracking or settlement, and similar indications of ground, structure, and pavement

distress.

When construction has been completed and the permanent dewatering svstem is functioning, the
monitoring frequency can be increased to once a month depending upon the results of the MWs
and VWPs readings. If groundwaterlevels and pressures continue to change over the one-month
period, the frequency of the survev measurements should be increased to weekly. All DMPs
monitored during pile driving should be monitored at least weekly until those operations are

complete.

We recommend continuous seismograph monitoring for vibration-causing activities within
10 feet of cast-iron water mains, within 20 feet of other pipelines, and within 100 feet of other

structures.

All MWs and VWPs should be monitored weeklv until the construction of the basin is
completed. Some of the VWPs are temporary for use during construction. The VWPs beneath
the basin slab would be permanent and used to observe pore pressure during the unwatering
cvcles. The MW monitoring frequency could be decreased to bi-weekly when the permanent
dewatering system is in operation. This frequency should be increased to daily during the
flooding and unwatering cvcle of the basin. The VWPs beneath the basin slab would be
permanent and used to observe pore pressure during the unwatering cvcles. The VWPs beneath

the basin slab would be monitored on an hourly during unwatering cvcles.

16.4 Response Values

Fesponse values should be established for structures, utilities, and other critical features prior to
the start of construction. These response values would be based on the condition of the
structures and utilities and the baseline monitoring data. The response values typically include
“threshold™ and “limiting™ walues. The threshold values represent a level of movement that
warrants attention. Ifthe instruments indicate that the threshold values have been experienced,
remedial measures should be prepared in order to mitigate the vibration, movement, or adverse
pore pressure changes that are occurring. Threshold wvalues are tvpically some percentage of

limiting values. Iftheinstruments indicate that the limiting value has been experienced,
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remedial measures should be implemented immediately or construction suspended to prevent

adverse impacts to the structures being monitored.

16.5 Data Reduction and Reporting

Baseline measurements should be obtained as early as possible prior to the beginning of
construction. Baseline datais useful for establishing response values and assessing the need for
implementing mitigation measures, as well as forresolving potential disputes, especially with

respect to the impacts of construction on adjacent structures.

Since the collected and reduced data mav be critical to assessing performance, the data must be
reported within a few hours. Therefore, we recommend that data be shared verbally within eight

hours of thereadings being collected.

Due to the quantities of data that could be collected on a dailv basis, onlv the values that
approach the threshold need to be reported bv KG to the engineer. The communication should
include a summarv of the construction activities performed during the monitoring period in the

vicinity of the instrumentation. This communication will allow the PCF to perform as designed.

21-1-21190-012
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SHANNON 8WILSON, INC.

Shannon & Wilson has prepared Appendix I, “Important Information About Your Geotechnical/
Environmental Report,” to assist you and others in understanding the use and limitations of our

reports.

SHANNON & WILSON, INC.
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TABLE 1
SUMMARY OF FOUNDATION PILES AND REQUIRED RESISTANCES

SHANNON & WILSON, INC.

_ Location | (imch) | (mch) | Condition | (4

Basin Slab 18 3/8 Closed 860 -
Crane Trestle 24 0.401 Closed 1,100 300
Bulkhead Trestle 24 0.401 Closed 1,000 -
Gate - Sill 18 3/8 Closed 630 -
Gate - Jamb 24 0.401 Open 530 550
Gate - Bulkhead 24 0.401 Open 630 480
Dolphin .
(Plumb) 24 0.401 Open Controlled by Lateral Resistance
Turning Dolphin .
(Plumb) 48 1 Open Controlled by Lateral Resistance
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Basin Slab

TABLE 3
RECOMMENDED VERTICAL SPRING CONSTANTS FOR STEEL PIPE PILES

SHANNON & WILSON, INC.

- Closed 500 - 600
Gate Sill
Crane Trestle 24 0.401 Closed 700 - 800
Steel Pipe |Bulkhead Trestle 24 0.401 Closed 700 - 800
Gate Jamb and Bulkhead 24 0.401 Open 600 - 700
Dolphin (Plumb) 24 0.401 Open not analyzed
Turning Dolphin (Plumb) 48 1 Open not analyzed
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Layer Top.
~ Depth
e

FOR SOIL STOCKPILE SETTLEMENT ANALYSES

 Layer Bottom

TABLE 6

SOIL CONSOLIDATION PARAMETERS

 Overconsolidation | ¢

| Recompr sl,qnf' |
_ Coefficient

SHANNON & WILSON, INC.

0

15

15

30

30

45

45

60

60

75

75

95

95

115

Note:

pef= pounds per cubic foot
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SHANNON SWILSON, INC,

TABLE 7
GRAVEL PAVEMENT SECTIONS

Ballast Surface

Select Borrow Base 12@ 30
G . .
eogrid and Geotextile on No YVes
the Subgrade
Notes:

1. Passes from a 64-kip axle H300 HD Forklift.

2. The select borrow thickness could be substituted by an equivalent thickness of the existing in situ
gravel in these areas.

CBR = California Bearing Ratio

Final Table 7 and 8 21-1-21190-015-R1-T7-T8 docx/wp/lkn 21-1-21190-015



SHANNON &WILSON, INC.

TABLE 8
ASPHALT PAVEMENT SECTIONS

asting Basi:

. Mawna o 0 Lot 40 | AccessRead | 00 0
HMA 4 5 5 5
Crushed Surfacing Top 4 6 6 6
Course v
Select Borrow - - 30 12
Geogrid and geotextile on No Ves Ves Ves
the subgrade

Notes:

CBR = California Bearing Ratio

HMA = hot mix asphalt

Final Table 7 and 8 21-1-21190-015-R1-T7-T8.docx/wp/lkn 21-1-21190-015
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0.35 for uplift resistance.
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4. The downdgrag load was not estimated for the Dolphin piles.

NOTES:
1. The analyses were performed based on the guidelines included in the WSDOT Geotechnical Design Manual (GDM) and local experience. The analyses
are based on a single pile and do not consider group action of closely spaced piles (closer than 2.5 diameters, center to center).

3. For the strength limit state, recommended resistance factors (RF) are:
RF = 0.65 for both side and end resistance and
RF =

2. Total pile capacity is a summation of its side and end resistances. Nominal resistances
shown on plots above are to be multiplied by the appropriate resistance factors. See
note 3 for recommended resistance factors.

5. Offshore profile extends from the 200 feet south of the gate structure to the southern
extent of the project site.

SR 520 Pontoon Casting Facitity
Aberdeen, Washington

ESTIMATED AXIAL RESISTANCE
24-INCH DIA., 0.401-INCH WALL THICK
OPEN-END PIPE PILE, OFFSHORE

December 2010

21-1-21190-015

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. 9
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extent of the project site.
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NOTES:
1. The analyses were performed based on the guidelines included in the WSDOT Geotechnical Design Manual (GDM) and local experience. The analyses
are based on a single pile and do not consider group action of closely spaced piles (closer than 2.5 diameters, center to center).

3. For the strength limit state, recommended resistance factors (RF) are:
RF = 0.65 for both side and end resistance and
RF = 0.35 for uplift resistance.

4. The downdgrag load was not estimated for the Dolphin piles.

2. Total pile capacity is a summation of its side and end resistances. Nominal resistances
shown on plots above are to be multiplied by the appropriate resistance factors. See
note 3 for recommended resistance factors.

5. Offshore profile extends from the 200 feet south of the gate structure to the southern

SR 520 Pontoon Casting Facility
Aberdeen, Washington

ESTIMATED AXIAL RESISTANCE
48-INCH DIA., 1-INCH WALL THICK
OPEN-END PIPE PILE, OFFSHORE

December 2010

21-1-21190-015

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG.10
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NOTES
1. Developed i | accord with Section 10.7.2.4 AASHTO LRFD SR 520 Pontoon CaSting FaCi“ty
. Developed in general accordance wi ction 10.7.2. ,
Design Manual (2008 Interim). Aberdeen, Washington
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D = Pile Diameter
GROUP EFFECT OF LATERALLY LOADED
PILES
December 2010 21-1-21190-015
SHANNON & WILSON, iNC.
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helmet parameters. December 2010 21-1-21190-015
SHANNON & WILSON, INC. FIG. 12
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24-INCH-DIA., 0.401-INCH WALL THICK
CLOSED-END PIPE PILE
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Geotechnical and Environmental Congultants
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of the seven time histories.

1. The plot for each boring is the geometric mean of the total stress response

SR 520 Pontoon Casting Facility
Aberdeen, Washington

RECOMMENDED ACCELERATION
RESPONSE SPECTRUM

December 2010 21-1-21190-015
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG. 15




Normalized Horizontal Displacement at GATE (ft)
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NOTES

1. Horizonta! displacements do not include soil-structure interaction effects and
are considered "Free Field"

SR 520 Pontoon Casting Facility
Aberdeen, Washington

LONGITUDINAL - CENTER BASIN
FREE-FIELD HORIZONTAL GROUND
DISPLACEMENTS

December 2010 21-1-21190-016

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants
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Normalized Horizontal Displacement Outside of Basin (ft)
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NOTES

1. Horizontal displacements do not include soil-structure interaction effects and
should be considered "Free Field"

SR 520 Pontoon Casting Facility
Aberdeen, Washington

LONGITUDINAL - OUTSIDE BASIN
FREE-FIELD HORIZONTAL GROUND

DISPLACEMENTS
December 2010 21-1-21190-016
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG. 17




Lateral Displacement (in)
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Notes
1. Positive displacement is north.
SR520 Pontoon Casting Facility
2. Analyses were performed in the bottom of the Aberdeen, Washington
basin and at the top of the slope. The interpolation
shown above between the results of the two analyses GATE
was performed to assist the structural engineer. FREE-FIELD GROUND SURFACE
SOIL DISPLACEMENT

December 2010 21-1-21190-016
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SHANNON &WILSON, INC,

APPENDIX A

SHANNON & WILSON, INC.
SUBSURFACE EXPLORATIONS

A1l INTRODUCTION

The subsurface exploration program consisted of drilling and sampling two soil borings,
designated BH-1-10 and BH-2-10, completed between March 29 and April 2,2010. The
locations of the field explorations were surveyed and marked by Kiewit-General (KG). The
borings were advanced to depths ranging between 195 to 200 feet. The locations of the borings
are shown in the Site and Exploration Plan, Figure 2.

A2  SOIL BORINGS
A.2.1 Drilling Procedures

Gregory Drilling, Inc. drilled the soil borings under subcontract to KG using a truck-
mounted CME 85 drill rig and mud rotary techniques. The borings drilled using a 6Y%-inch
inside-diameter continuous flight hollow-stem auger to a depth of 25 and 20 feet for borings
BH-1-10 and BH-2-10, respectively. Below these depths the remaining length of the boring was
drilled using mud-rotary techniques. The mud-rotary method consists of drilling the subsurface
soils and removing the cuttings by circulation of a bentonite/water mix drilling mud. A settling
tank at the ground surface collected the cuttings while the mud was recirculated into the boring.
Gregory Drilling, Inc. placed the drill cuttings in barrels that were later cleaned out by a vacuum
truck.

Field screening was performed to evaluate for the presence of contamination. Field
screening included visual and olfactory observations of the soil samples obtained above and
below the groundwater level. Based on visual and olfactory methods of observation, no signs of
potential contamination were identified in the boreholes.

A.2.2 Soil Sampling

Disturbed samples from the boring were obtained in conjunction with the Standard
Penetration Test (SPT). SPTs were performed in general accordance with the ASTM
International (ASTM) Designation: D 1586, generally at 5-foot intervals. This test consists of
driving a 2-inch outside-diameter (O.D.), split-spoon sampler a total distance of 18 inches into

21-1-21190-015-R1f AA.doox/wp/lkn 21-1-21190-015



the bottom of the boring with a 140-pound hammer falling 30 inches. The number of blows
required to cause the last 12 inches of penetration is termed the Standard Penetration Resistance,
or blow count. When penetration resistances exceeded 50 blows for 6 inches or less of
penetration, the test was terminated. The pénetration resistances were recorded by our field
representative and are plotted on the boring logs. These values provide a means by which to
evaluate the relative density or compactness of cohesionless (granular) soils and the consistency
(stiffness) of cohesive soils as described in Figure A-1.

The split-spoon sampler used during the penetration testing recovers a disturbed sample
of the soil, which is useful for identification purposes. The samples were sealed in jars and
returned to our Seattle, Washington, laboratory for testing.

At selected locations, relatively undisturbed samples were obtained in general accordance
with ASTM Designation: D 1587-00, Standard Practice for Thin-Walled Tube Geotechnical
Sampling of Soils. This sampling method employs a thin-walled, steel tube connected to a
sampling head attached to the drill rods. The 3-inch O.D. tube is pushed by the hydraulic rams
of the drill rig into the bottom of the borehole for a distance of 2 feet. The tube is then retracted
to obtain the sample and the top and bottom of the sampling tube are sealed with plastic caps and
tape to preserve the field moisture conditions. The sample tubes were then stored upright and
returned to our Seattle, Washington, laboratory.

A.2.3 Soil Classification

A representative from Shannon & Wilson, Inc. was present throughout the field
exploration to observe the drilling and sampling operations, retrieve representative soil samples
for subsequent laboratory testing, and prepare descriptive field logs of the explorations. Boring
sample classifications were based on ASTM Designation: D 2487-98, Standard Test Method for
Classification of Soil for Engineering Purposes, and ASTM Designation: D 2488-93, Standard
Recommended Practice for Description of Soils (Visual-Manual Procedure). The Unified Soil
Classification System (USCS), as described in Figure A-1 of this appendix, was used to classify
the material encountered.

A.2.4 Geophysical Testing

Geophysical tests were performed by GeoVision Geophysical Services Testing in borings
BH-1-10 and BH-2-10. The geophysical tests results are presented in Appendix C.

21-1-21190-015-R1f AA.docx/wp/lkn 21-1-21190-015
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SHANNON 5\WILSON., INC.

A.2.5 Boring Logs

The Shannon & Wilson boring logs are presented in F igures A-2 and A-3. A boring log
is a written record of the subsurface conditions encountered. It graphically illustrates the
geologic units (layers) encountered in the boring and the USCS symbol of each geologic layer.

It also includes the blow count and natural water content (where tested). Other information
shown in the boring logs includes the groundwater-level observations made during drilling,
ground surface elevations, types and depths of sampling, and Atterberg Limits (where tested) and
the percent by weight of fine grained material passing the #200 sieve (where tested).

A3 GROUNDWATER OBSERVATIONS
A3.1 At Time of Drilling

Where observed, groundwater was noted during drilling and is indicated on the boring
logs.

A.3.2 Vibrating Wire Piezometers

Two vibrating wire piezometers (VWPs) were installed in borings BH-1-10 and BH-2-10
to measure groundwater levels. The VWPs were installed at 28 and 107 feet below the ground
surface (bgs) in boring BH-1-10 and at 45 and 70 feet bgs in boring BH-2-10.

Each VWP consists of a vibrating wire pressure transducer contained in a stainless steel
housing. Water pressure acts against a low-air-entry filter at one end of the housing. The
transducer is connected to a signal cable that is routed up the borehole to the ground surface.
Each VWP was lowered to a specified depth below the ground surface and grouted into place. A
data logger was connected to the signal cable of each VWP to collect data readings at select
intervals for long-term groundwater level monitoring. Bach data reading is compared with
calibrations and measurements that were performed before installation. The measured values
and calibration information were then used to calculate water pressure acting on the VWP. All
VWPs used were Geokon brand with 350- or 700-kilopascal pressure ranges. VWP installation
depths and groundwater levels are shown on the boring logs.

A4 REFERENCE

ASTM International (ASTM), 2010, Annual book of standards, construction, v. 4.08, soil and
rock (I): D 420 —D 5876: West Conshohocken, Pa., ASTM International.

21-1-21190-015-R1£ AA. doox/wp/lkn 21-1-21190-015



BORING CLASS1 21-21190.GPJ SWNEW.GDT 5/6/10

Shannon & Wilson, Inc. (S&W), uses a soil
classification system modified from the Unified Soil
Classification System (USCS). Elements of the
USCS and other definitions are provided on this
and the following page. Soil descripfions are
based on visual-manual procedures (ASTM D
2488-93) unless otherwise noted.

S&W CLASSIFICATION
OF SOIL CONSTITUENTS

GRAIN SIZE DEFINITION

e MAJOR constituents compose more than 50
percent, by weight, of the soil. Major consituents
are capitalized (i.e., SAND).

e Minor constituents compose 12 to 50 percent
of the soil and precede the major constituents
(i.e., silty SAND). Minor constituents preceded
by "slightly" compose 5 to 12 percent of the soil
(i.e., slightly silty SAND).

Trace constituents compose 0 to 5 percent of the

DESCRIPTION SIEVE NUMBER AND/OR SIZE

FINES < #200 (0.08 mm)
SAND*

- Fine #200 to #40 (0.08 to 0.4 mm)

- Medium #40 to #10 (0.4 to 2 mm)

- Coarse #10 to #4 (2 to 5 mm)
GRAVEL*

- Fine #4 to 3/4 inch (5 to 19 mm)

- Coarse 3/4 to 3 inches (19 to 76 mm)
COBBLES 3 to 12 inches (76 to 305 mm)
BOULDERS > 12 inches (305 mm)

* Unless otherwise noted, sand and gravel, when
present, range from fine to coarse in grain size.

RELATIVE DENSITY / CONSISTENCY

sal (ie., slightly silty SAND, trace of gravel). COARSE-GRAINED SOILS FINE-GRAINED SOILS
N, SPT, RELATIVE N, SPT, RELATIVE
MOISTURE CONTENT DEFINITIONS BLOWS/FT. DENSITY BLOWS/FT. CONSISTENCY
; 0-4 Very loose Under 2 Very soft
Dry  Absence of moisture, dusty, dry
to the touch 4-10 Loose 2-4 Soft
10-30 Medium dense 4-8 Medium stiff
Moist ~ Damp but no visible water 30 - 50 Dense 8-15 Stiff
Wet  Visible free water, from below Over 50 Very dense 15-30 Very stiff
water table Over 30 Hard
ABBREVIATIONS WELL AND OTHER SYMBOLS
ATD  AtTime of Driling N\  Bent Cement Grout | 4 Surface Cement
Elev. Elevation N S
ft  feet VA Bentonite Grout - Asphalt or Cap
FeO  Iron Oxide 7z
. : N
MgO  Magnesium Oxide Bentonite Chips 7Y Slough
HSA  Hollow Stem Auger Silica Sand g@ Bedrock
ID Inside Diameter — T
in  inches PVC Screen
lbs  pounds o )
Mon. Monument cover Vibrating Wire

N Blows for last two 6-inch increments
NA  Not applicable or not available
NP  Non plastic
OD  Outside diameter
OVA  Organic vapor analyzer
PID Photo-ionization detector
ppm  parts per million
PVC  Polyvinyl Chloride
SS  Split spoon sampler
SPT  Standard penetration test
USC  Unified soil classification
WOH  Weight of hammer
WOR  Weight of drill rods
WLl Water level indicator

SR 520 Pontoon Casting Facility
Aberdeen, Washington

SOIL CLASSIFICATION
AND LOG KEY

June 2010 21-1-21190-015

SHANNON & WILSON, INC. | FIG. A1

Geotechnical and Environmental Consuitants Sheet 1 of 2




IED SOIL CLASSIFICATION SYSTEM (USCS)

_ (From USACE Tech Memo 3-357)

MAJOR DIVISIONS

GROUPIGRAPHIC
SYMBOL

TYPICAL DESCRIPTION

b ]
af)” Well-graded gravels, gravels,
GW &. gravel/sand ngwixtu?es, ittle or'no fines.
Clean Gravels '\.) -
(less than 5% P S . i
i a Paorly graded gravels, gravel-sand
(mogr 37"‘37'350? fines) GP OQDQ mixtu¥e%, jittle or no ﬁne%
a. °

BORING CLASS2 21-21190.GPJ SWNEW.GDT 5/6/10

of coarse fraction
retained on No. 4

sieve) GM Siity gravels, gravel-sand-silt mixtures
Gravels with Fines
than 12%
COARSE- (more. Clayey gravels, gravel-sand-cla:
GRAINED fines) GG mixtures 9 Y
SOILS
(more than 50% )
retained on No. SW Well-graded sands, gravelly sands, little
200 sieve) Clean Sands or nofines
(fess than 5%
Sands fines) sp Igror?(r)l)% rg\]gasded sand, gravelly sands, little
(50% or more of
coarse /);raction
passe; etvg) No. 4 Sands with SM Silty sands, sand-silt mixtures
Fines
(more than 12%
fines) sc Clayey sands, sand-clay mixtures
Inorganic sitts of low to medium
ML plasticity, rock flour, sandy silts, gravelly
silts, or clayey silts with slight p’lastlcxty
) Inorganic
Silts and Clays lnor%anic clays of low to medium
(liquid limit less CL plasticity, grave[h{ clays, sandy clays,
than 50) silty clays, lean clays
x . [~ — | Organic silts and organic silty clays of
FINEs%'Tf\SlNED Organic oL — =~ Iovsg/] plasticity ¢ yea
(50% or more T3
passes the No. Inorganic silts, micaceous or _
200 sieve) MH diatomaceous fine sands or silty soils,
elastic silt
. Inorganic
Silts and Clays // Inorganic clays of medium to high
(liquid fimit 50 or CH plasticity, sandy fat clay, or gravelly fat
more) // clay
; / Organic clays of medium to high
Organic OH ol pla%ticity, oryganic silts 9
HIGHLY- Primarily organic matter, dark in PT % Peat, humus, swamp soils with hig7h
ORGANIC SOILS color, and organic odor % organic content (see ASTM D 4427)
NOTE: No. 4 size =5 mm; No. 200 size = 0.075 mm
SR 520 Pontoon Casting Facility
NOTES Aberdeen, Washington
1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, slightly silty
fine SAND) are used for soils with between 5% and 12% fines or when
the liquid limit and plasticity index values plot in the CL-ML area of the SOIL CLASSIF ICATION
plasticity chart. AND LOG KEY
2. Borderline symbols (symbols separated by a slash, ie., CL/ML, sitty June 2010 21-1-21190-015

CLAY/clayey SILT: GW/SW, sandy GRAVEL/gravelly SAND) indicate
that the soif may fall into one of two possible basic groups.

FIG. A-1

Sheet 2 0f 2

SHANNON & WILSON, INC.
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o Total Depth: 200 ft. Northing: Drilling Method: Mud Rotary Hole Diam.: 6 in.

: Top Elevation: ~ Easting: Drilling Company: Gregory Rod Diam.: 2.5"
Vert. Datum: Station: Drill Rig Equipment; _ CME 85 Hammer Type: __Automatic
Horiz. Datum: __ - Offset: Other Comments:

SOIL DESCRIPTION |5 8 » . & | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the 12| a5 S2& £ | A Hammer Wt & Drop:_140 fbs /30 inches
subsurface materials and drilling methods. The strafification B E IS o B
lines indicated below représent the approximate boundaries [ ) © o = joF
between material types, and the transifion may be gradual. o w = 0 20 40 60
Very loose, brown, gravelly SAND, numerous /‘(*\ : £ DS o
wood fragments; Fill. 1w g
o
2=, &
- - - 12.0 PPA V4 =
Very soft, gray, slightly fine sandy, slightly = 5
clayey SILT; moist; scattered wood fragments; 8= g
ML, MH. 4T |5
571
. - — 31.0 P 8-
Very loose, gray, slightly silty SAND; moist;
SP-SM. : 71
. ok i i
Very soft, gray, clayey SILT; moist; numerous 38 o WAL SRS
roots; MH. 42.0 R
Very soft, gray, sandy SILT interbedded with il
very loose, silty SAND; moist; trace to o -
abundant wood fragments and roots; ML, SM. oL w R
1IT
x 1271
1371
147 WORS,
15 {1
16_1_
Q - —— 86.0 H
3}~ Loose, dark gray, silty SAND; moist; SM. 88.0 [
S Medium stiff, gray, sandy SILT interbedded 91:0
<| \with loose, silty SAND; moist; ML, SM. / i
3.::_ Loose, dark gray, silty SAND; moist;
& occasional silt lamination; SM. 100.0 1w O
.Jh\- 1-inch wood seam at 96 feet. /_m&0°°° .
5\ [ e | o e |
& Sde RN SAOLTAT NS LA IR
3 CONTINUED NEXT SHEET ¥l N B @-
0 20
LEGEND o/ i
*  Sample Not Recovered LH] Piezometer Screen and Sand Filter < 0/0 Fines (<0.075mm)
T T standard Penetration Test RN Bentonite-Cement Grout R ‘ . % Water ConFen.t L
3 [ 3.0"0.D. Osterberg Sample Bentonite Ghips/Pellsts Plastic L'\'l";t'brah WaHter Cm';'eqntt"d Limit
EJ T 25" 0.D. Split Spoon Sample V1Y) Bentonite Grout
g .
z ¥ Ground Water Level in VWP SR 520 Pontoon Casting Facility
I N
2 NOTES Aberdeen, Washington
<'_lq 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
= 5 2. Groundwater level, if indicated above, is for the date specified and may vary.
§ 3, USCS designation is based on visual-manual classification and selected lab testing. LOG OF BORING BH-1 -1 0
"
8 August 2010 21-1-21190-015
o
e SHANNON & WILSON, INC. FIG. A-2
; Geotechnical and Environmental Consuiltants Sheet 1 of 2
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Rev: RAM  Typ: CLP

Log: ClJ

LEGEND

Sample Not Recovered
Standard Penetration Test
3.0" O.D. Osterberg Sample
2.5" 0.D. Split Spoon Sample

NEN

HEH «

NOTES

MASTER LOG_E 21-21190.GPJ SHAN WIL.GDT 1/5/41

¥ Ground Water Level in VWP

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

Total Depth: 200 ft Northing: Drilling Method: Mud Rotary Hole Diam.: 6in.
Top Elevation: ~ Easting: Drilling Company: Gregory Rod Diam.: 2.5"
Vert. Datum: Station: Drill Rig Equipment: _CME 85 Hammer Type: Automatic
Horiz. Datum: Offset: Other Comments:
SOIL DESCRIPTION €15 9 © . & | PENETRATION RESISTANCE (blowsifoot)
Refer to the report text for a proper understanding of the o |2 a 58 & la Hammer Wt. & Drop: 140 Ibs /30 inches
subsurface materials and drilling methods. The stratification B g 1S TR -
lines indicated below represent the approximate boundaries O R o ) = @
between material types, and the transition may be gradual. o w o 0 20 40 60
' Y/ery dense, gray, silty, sandy GRAVEL; moii/ 42— ' sl
GM. ' N \
Very dense, gray, silty, gravelly SAND: moist 118.01 @'y :
to wet; SW-SM. 2471 120 :
- Scattered wood fragments at 111 feet. U
Very dense, gray, clean to silty, sandy :
GRAVEL; wet; GW-GM, GP, GP-GM, GM. 2671 130 1
7=
28T 140
29=—
30— \ 150 (=
31—
3= 160 |
33==
34== 170 |-
35
36— 180 | -
Not sampled below 185 feet depth. Soil ..
description based on driil action. Boring 190 |-~
extended to 200 feet depth for geophysical
testing. \§
BOTTOM OF BORING 200.0 200
COMPLETED 3/31/2010
210 |+
0 20 40 60

[H Piezometer Screen and Sand Filter
Bentonite-Cement Grout

| Bentonite Chips/Pellets

Bentonite Grout

<& % Fines (<0.075mm)
® % Water Content
Plastic Limit —@— Liquid Limit

Natural Water Content

SR 520 Pontoon Casting Facility
Aberdeen, Washington

LOG OF BORING BH-1-10

August 2010 21-1-21190-015
SHANNON & WILSON, INC. FIG. A-2
Geotechnical and Environmental Consultants Sheet 2 of 2
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N Total Depth: 2001t Northing: Drilling Method: Mud Rotary Hole Diam.: 5.5in.
Top Elevation: ~ Easting: Drilling Company: Gregory Rod Diam.: 2.5"
Vert. Datum: Station: Drill Rig Equipment: _CME 85 Hammer Type: ___Aufomatic
Horiz. Datum: Offset: Other Comments:
SOIL DESCRIPTION 151 8 o . & | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the c | 8 o SQ £ | A Hammer Wt. & Drop:_ 140 Ibs / 30 inches
subsurface materials and drilling methods. The stratification B ; S 08 B -
lines indicated below represent the approximate boundaries ® 1\ h @© 0] = o
between material types, and the fransition may be gradual. Qo » a 0 20 40 60
Very loose, brown, sandy GRAVEL,; moist; 2 [ {i i SO R AR
numerous wood fragments; moist; Fill. PR % e
2 H% 5
w0
Very soft, gray, slightly fine sandy, slightly 152 71| - WOH
clayey SILT; moist; scattered roots; MH. pp— W04
. . 23.0
Loose, gray, slightly clayey, silty SAND 3 Sl L
interbedded with medium stiff, fine sandy
SILT; moist; scattered wood fragments; SM,
ML... o
Very soft, gray, clayey SILT; moist; numerous g0 LR WOHA-
roots; MH. ‘ | 8T
Very soft to medium stiff, gray, fine sandy SILT
to silty, fine SAND; moist; scattered wood o RN
; ML, SM. ;
fragments; ML, S {01 50 |
1L
! 21T 60
Loose to medium dense, slightly silty to silty
SAND; moist; occasional wood fragments, N 70 ¢
occasional silt laminations; SM, SP-SM, SC.
80 —
o
8]
93.0 fHHf
= Very loose to loose, gray, sandy SILT 9T
e interbedded with very loose, silty SAND and ; e
2] moist; ML, SM. 20T 100 y -
-
S 106.0 b 217
g CONTINUED NEXT SHEET YR
LEGEND o =
*  Sample Not Recovered CH™] Piezometer Screen and Sand Filter O 0/0 Fines (<0.675mm)
pa T Standard Penetration Test N KN Bentonite-Cement Grout ) . . % Water Con_ten.t .-
S (0 3.0"0.D. Osterberg Sample Bentonite Chips/Pellets Plastic Limit |—&— Liquid Limit
: = — ) Natural Water Content
! 3 YA 1] Bentonite Grout
i 2|
| z ¥ Ground Water Level in VIV SR 520 Pontoon Casting Facility
: X ’ i
§ o NOTES Aberdeen, Washington
! 5'1 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
. 5 2. Groundwater level, if indicated above, is for the date specified and may vary.
] Gl 3. USCS designation is based on visual-manual classification and selected lab testing. LOG OF BORING BH-2-10
| o
g August 2010 21-1-21190-015
o
= SHANNON & WILSON, INC. FIG. A-3
< Geotechnical and Environmental Constiltants Sheet 1 of 2
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Total Depth: 200 ft Northing: Drilling Method: Mud Rotary Hole Diam.: 5.5in.

Top Elevation: ~ Easting: Drilling Company: Gregory Rod Diam.: 2.5"
Vert. Datum: Station: Drill Rig Equipment: _CME 85 Hammer Type: _Aufomatic

Horiz. Datum: Offset: Other Comments:

SOIL DESCRIPTION

€ 5] g © . & | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the o |2 &5 % 2 < | A Hammer Wt & Drop: 140 Ibs / 30 inches
subsurface materials and drilling methods. The stratification Q. E, & o é“ a
lines indicated below represent the approximate boundaries L | p (})" O] 8
between material types, and the transition may be gradual. Qo
~ Medium dense to dense, slightly silty SAND: A
moist; occasional silt lamination; SP-SM. 1152000 e
- Stiff, gray, silty CLAY; moist; CL. 118.0F

120

Dense to very dense, slightly silty to silty, trace RS R
to gravelly SAND; moist; SW-SM, SW-SC.

.
R
ool 25—

" 2= 130 |

Very dense, gray, silty, sandy GRAVEL; wet; 138.05r9y

GM.

* 140

307= 150 |- — f,gbmﬁj

- B0/ ]

; o 160 |

Very dense, dark gray, slightly clayey, siightly | '0>0F.

silty, slightly gravelly SAND; wet: SW-SC. 168.0 ‘o .
Very dense, gray, silty, sandy GRAVEL: wet: S 170
GM.

3=— 180 [——

Not sampled below 185 feet depth. Soil

Rev: RAM  Typ: CLP

Log: ClJ

ASTER LOG E 21-21190.GPJ SHAN WIL.GDT 1/5/11

description based an drill action. Boring \ 190 [-—=
extended to 200 feet depth for geophysical \
testing.

BOTTOM OF BORING 200.0 200

COMPLETED 1/1/2010

0 20 40 60
LEGEND o o
*  Sample Not Recovered L Piezometer Screen and Sand Filter < OA’ Fines (<0.075mm)
T Standard Penetration Test NN Bentonite-Cement Grout ® % Water Content
" BT ) A Plastic Limit |—&—] Liquid Limit
{I 3.0"0.D. Osterberg Sample el 65 Bentonite Chips/Pellets
P11 Bentonite Grout Natural Water Content

¥ Ground Water Level in VWP SR 520 Pontoon Casting Facility

NOTES Aberdeen, Washington
1. Refer to KEY for explanation of symboals, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.

3. USCS designation is based on visual-manual classification and selected lab testing. LOG OF BORiNG BH-2-1 1]

August 2010 21-1-21190-015
SHANNON & WILSON, INC. FIG. A-3
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APPENDIX B

SHANNON & WILSON, INC.
GEOTECHNICAL LABORATORY TESTING

B.1 INTRODUCTION

Samples collected from the two borings (BH-1-10 and BH-2-10) during the explorations
completed between March 29 and April 2, 2010, were sealed in jars and tubes and returned to
our Seattle, Washington, laboratory for testing. Selected disturbed samples were tested to
determine the basic index properties and the engineering characteristics of the subsurface soils at
the site. Tests were conducted in general accordance with applicable ASTM International
(ASTM) standards. The results of these tests are presented in Appendix D of this report.

B.2 VISUAL CLASSIFICATION

Each of the soil samples recovered from the borings were visually reclassified in our laboratory
using a system based on the ASTM Designation: D 2487, Standard Practice for Classification of
Soils for Engineering Purposes, and ASTM Designation: D 2488, Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure). These ASTM standards use
the Unified Soil Classification System (USCS), described in Figure A-1. The individual sample
classifications have been incorporated into our boring logs shown in Figures A-2 and A-3.

B.3 INDEX TESTS
B.3.1 Water Content Determination

The natural water content of select soil samples recovered from the field explorations was
determined in general accordance with ASTM Designation D 2216, Standard Method of
Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass. Comparison
of water content of a soil with its index properties can be useful in characterizing soil unit
weight, consistency, compressibility, and strength. Water content, where tested, is plotted on
each of the boring logs presented in Appendix A.

B.3.2 Grain Size Distribution Analyses

Grain size distribution analyses were performed on 22 samples in general accordance
with ASTM Designation: D 422, Standard Method for Particle-Size Analysis of Soils or D 1140,

21-1-21190-015-R1f AB.docx/wp/lkn 21-1-21190-015



SHANNON &WILSON, ING.

Standard Test Methods for Amount of Material in Soils Finer than No. 200 (75-microgram)
Sieve. The general procedures to determine the grain size distribution of a soil sample include
sieve analysis, hydrometer analysis, combined analysis, and percentage of fines passing the No.
200 sieve.

Grain size distributions are used to assist in classifying soils and to provide correlation
with soil properties, including permeability, behavior when excavated, capillary action, and
sensitivity to moisture. Results of the grain size analyses are shown on the appropriate boring
logs in Appendix A and on grain size distribution curves shown in F igures B-1 and B-2. Along
with each grain size distribution is a tabulated summary containing the group symbol according
to the USCS, the sample description, percentage of fines passing the No. 200 sieve, and the
natural water content.

B.3.3 Atterberg Limit Determinations

Atterberg Limits were determined on nine samples of fine-grained soil in general
accordance with ASTM Designation: D 4318, Standard Test Method for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils. The Atterberg Limits include Liquid Limit (LL), Plastic
Limit (PL), and Plasticity Index (PI=LL-PL). They are generally used to assist in classification
of soil, to indicate soil consistency (when compared with natural water content), and to provide
correlation to soil properties including compressibility and strength.

The results of the Atterberg Limits determinations are shown on the appropriate boring
logs in Appendix A and in the plasticity charts shown in Figures B-3 and B-4.

B.3.4 Organic Content

Organic contents were determined on two soil samples in general accordance with ASTM
Designation: D 2974, Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and
Other Organic Soils. Organic content is generally used to assist in classification of soils, peat or
other organic soil.

B.4 REFERENCE

ASTM International (ASTM), 2010, Annual book of standards, construction, v. 4.08, soil and
rock (I): D 420 — D 5876: West Conshohocken, Pa., ASTM International.

21-1-21190-015-R11 AB.docs/wp/lku 21-1-21190-015

B-2



240 | 19348 5 e —— . . ¥ 5 Apubis ‘Aiis Anubis ‘Aelb : i
_‘.m 0_.u_ NI ‘NOSTIA 8 NONNYHS GGl VA aNVs Alleneit suy Apubls ‘Ais Apybys ‘Aeub yreq NS-MS 0’50l 12-S 0l-i-Hg V
gee  |eee ANVS wnipsw o} suy ‘Ayis ‘Aeib seq WS 0'56 61-5 ‘0L-L-Hg
SL0-06LiC-L-L¢ 0lL0c¢ sunp . =
o} ge 14 6'6% 7’65 sojuebio jo eoel} ‘Aelo Jo soey ‘1 |S Apues ‘Umolq red A 0'0L $1-S '0b-t-Hg O
zl ze 24 98y 99 171S fekep ‘Apues auy ‘umolg N 00s 0}-S '0l-1-Hg &
0l-1-HE ONIHOg 5 i 96 26/ 088 solueblo palepeos ipues Jo aoel ‘]IS Aehelo Apubls ‘umolg HIA 0'0¥ 8-S Ol-l-HE ¥
NOILLNGId1SIa 3ZIS NIVdD . . . , e 4 r
60y L sojuebio Jo okl {NVS aul ‘Ajjis ‘Umolg NS o'Le 9-G ‘04-1-Hg B
. Ge 14 8. 128 9.6 soilebio Jo eoel} ‘pues Jo eoey ¢ Aakep Apybiis ‘umold JyBr N 00z S ‘0b-1-
cogmc:\_mm>> uespieqy ¥ pues j 1718 Jo ARuol q 4o H S 1-HE @
: % % % % "O'M % NOlidI¥0s3d TO8NAS (103) ‘ON F1dINYS
Aoe4 Bupsed uoojuod 0z WS Id d T N | saNi IIdVS ‘oSN Hld3a ANY SNIYOog
AVIO YO LTS S3NIH anvs TANVED $379900
) ENE I Wniazn | 3swvoo EN ISUV00
SHALIWITIIA NI 3ZIS NIvdD
3 S 2 8 S 85 o o o o o . - N A o = o I 8
pace N (] psS o @ - 3 w B o W - N w i @ oo = bl w ks (e} o o o o o [=3 o o (=] (=]
ook T T T 7T T T T T T T T T T T T T T T T 7 T 0
06 oL
08 (174
8
\
0L A\ \ o¢
- \ \
m // // U
) \ m
| _nN: fole] \ / // ov a5
: = ¥} X o
8 A \ 4
: o il
W W 05 // A\ 0g =
@ m
i 4 : o
psj \ o]
T o \ Y o =
< ) =
s 1 m
g // Q
2 % oe I\ oL =
[N 3 1\
0 | N
= [y
m / /
E oz 08
z /
' Z L\
” T \\
' @ oL \ 06
” @ \
! Q
: 3
ﬂ_ 0 ) 3 L L ; o . . m g i ) e I I FIE TR i L oot
— . P P p P P P — = - - - [ w A (=) -
5 g 8 88 g g=s B 8% 8B g 8 3 8 ° S RSX s 8
S SYILINITIIA NI 3ZIS NivaO QYVANYLS SN ‘HONI ¥3d SONINIJO HSAW 40 'ON * STHONI NI ONINIJO HSIW 40 3ZiS
<
& SISATVYNY HI1INOHAAH SISAIVNY 3A3IS

FIG. B-1



Zjogiesys

FIG. B1

GSA MAIN 21-21190.GPJ SHAN WIL.GDT 5/7/10

D i! pue 2oy
-8 "9ld "ONI ‘NOS IV 8 NONNYHS
SL0-06LlC-L-LT GLog sunpe
0l-l-HE ONidog
NOLLNENLSI] MN_ % NIVYO 9L 1'g TEAVHO Apues ‘Ais Aybys ‘Aeib yeg Wo-do 009 28-S '0b-b-HE W
0L 05 TIAVYD Apues ‘AYjis Apybys ‘Aelb sieq WO-MD 0°0gL 9¢-S ‘OL-i-Ha B
S0 16 AjjeneiB auy ‘Ais Abls ‘Ae.b e - SLL €2-S ‘0b-1-
UGIBUIYSE, ‘USSpIoqy ) aNv's Al 4 ‘Ayis Apybiy stieq AS-MS 0 S ‘0l-l-Hg @
% % % % "M % NOLLdINOS3a TOIWAS (199y) “ON T1dAVS
e Bugse) uoojuod 0zg HS Id d T YN | saNi EREIE '$oeN Hld3a aNY ONHOS
AVIO HO LIS :SaNIH dnvs BAVHO $31€99090
) ENE _ WNIgaw | 3suv0d ENNE] ASYYOD
SHILIWITTINE NI JZIS NIVED
=) =} o o o o N . N . - N w
=} 8 &8 R 8§ 8BS 8 8 8§ 8 8~ N W R B - N e s @ oD 58 8 &3 g 88 8 8
Qok T T T T T T LB B R T T T I T T T T T T T T T 0
!
!
06 i Mf‘ ok
tﬂ ! /“l//
08 < 0z
0L [al
m
Z m
W: 08 oy w
Z 2
O \ =
Q X =2
% 05 Y 0s pd
w Y M
m Py
Py N m
2 o AW I
s \ m
i A\ \ o)
o) I
% oe / 0L =i
- X
1A
. / \
0z v ' 08
\ [EAY
A
\ / /
ol T WER) 06
5\ T\
| \
\ \ \
0 - - - — L - - - - i K L L I Lot ale L L o FEE A T AN R 1] L w I (SR I l L 0oL
8 8§ 38 gsg=x R 88 BB g 8 B 3 3 "% 8 RS8R s 0o B
SHILIWITIW NI ZZIS NIVED QYVANYLS "ST 'HONI ¥3d SONINIJO HSIIN 40 'ON _ SIHONI NI ONINIO HSTW 40 3ZIS
SISATVNY 83 LINOUAAH SISATVYNY IAIIS




, [T
,” - - RANPI e €l 0 e 9vy | vvs 1711 Apues sul ‘Aokelo Apubys ‘Aelo) w 000t 0Z-S '0L¢HE vV
g9l ONI ‘NOSTIM '2 NONNVHS
” [N:74 0z ANVS auy ‘Aefep ‘el 08 006 81-S ‘0}-2-Hg
, GL0-06lLic-L-LC 0L0g =unp ° S HaH
gor | vse ANVS aul ‘Ajis ‘Ae1n NS 0S5 S-S ‘0L-Zz-Hg O
225 8/¢ aANVS aul ‘Ayis ‘Aehelo Apubls ‘Aeig NS 569 £L-5 ‘0lcHg ¢
0l-¢-H8 ONIHOd vl e o cor | 109 ‘ 17IS Apues suy ‘Aeigy w 0'58 118 '0L-Z-Ha ¥
NOLLNGIMLSIA 3ZIS NIVHED . ) . e , . ,
8/ §Ze [oniB suy 4o soB1 ‘ONYS Wnipsw o} auy 'Ayis ‘Aekels Apubls ‘Aeio NS 0'sz 6-S ‘0l-z-Hg @
f:74 o} 29 [=X . Rakelo Apybils ‘Apues winpsiu o} suy Ajybys ‘Ael [0} e-S ‘L2
LOIBUIYSENN ‘USBPISqY 14 59 816 178 jo Apybls ‘Ap p I} ApyBy 9 HIN Gl -S ‘0L¢-HE @
% % % % DM % NOILdIMOS3a TOENAS (1e0p) "ON A1dAVYS
\ﬁ___omm mc_wmmo COOHCOn_ ONm oS id Td qm_ ‘I¥N SANIL F1dINVS '§o'sNn Hld3a ANV ONIHOg
AVIO ¥O LS :SANIA anvs TEAVHD $3719900
’ ENE| _ WAIaEN [ 3suvoo ENE ISUV0D
SHIALIWITTIN NI FZIS NIVED
o =3 o o o o . = N 4]
2 15 3 8 5 8 = S 8 R 8 8 - N w o w - N [AINN o o o 3 IS 8 3 883 s 8
m 00} T T T T T T T T T T T T T T T T T T T T T T T T T T 0
06 ol
o8 6 0z
d/ )
0L / og
: T 1y
W o & h T o
) \ i H
m 09 \ av o
z It Q
= 1\ \ =
o A\ 11 | 5
o) 4 A ! .
= ag n \ R,
o Y 1 ) m
m v It i e
= \ e 2
< o \ T © =
: = L m
m i RS Q
; = T
m e Qg 1\ LAY A o 3
! S 5 5 LN \
W N \ R
| g \ R
! = [or4 08
, 2
: AN
T Ll - |
2 ol % o
% 8
4 N —
2 L
wﬂ o L [ ) I i el ’ i ) L ! [E (I I L 004
& 8 & 88 gg=x 8 8 & 88 g 8 3 3 o T s s8x 7 0 777 B
AMn SHITIANITIN NI FZIS NiVED AYVANYLS ST 'HONI ¥3d SONINIJO HSIW 40 'ON _ SIHONI NI ONINIZJO HSIW 4O 3ZiS
<
3 SISATYNY H313NOHAAH SISATYNY 3AIIS

FIG. B-2



GSA MAIN 21-21190.GPJ SHAN WIL.GDT 5/7/10

c¢iogieeys

Ja] I Ppue jear
<99l "ONI ‘NOSTIM 8 NONNVHS
GLO-Q6Lic-L-Le 0i0c 8unr . )
gyl oLl ANV Alienelb ‘fefep Agybis ‘Aein 08-MS 0°59L €€-S ‘0l-2-HE O
v T L'y Aeio Jo soel “TIAVHD Apues ‘Aein do 00} 0€-S '8l-2-HE &
01L-¢-Hg ONIHOg ) ) . . ) ,
NOILNSINL SId 3ZIS NIV ) <6 69 ANVS Alienesb ‘Aefep Aubls ‘Aeio 0S-MS 0'sel [Z-S'BlTHE W
Gl 1’6 ANVS Aljenesb suy ‘s Apybis ‘Aeig NS-MS o'szi GZ-S 'ol-z-Hg B
88l |[z6 aNvs Alis Apybys ‘Alleneib suy ABys ‘Aei - 00LL -S ‘0}-2-
UoBUIYSEM ‘UoBpIogYy NvS Alis Apy It 1t Ay 9 NS-dS b ZZ-S '0l-C-HI @
% % % % O'M % NOILdI¥OS3Aa TOaWAS (1eap) ‘ON F1dNVS
>t:0mn_ m:wwmo COOHCO& 0cs N_m id d T LYN S3NIJ EREA] 808N Hld3a GNY ONIJOd
AVIO ¥O LIS 'SaNH angs TAAVO CERCE!
’ NI i WG | 3suvoo EE 3SMV0D 18800
SHALINITIIN NI 3ZIS NIVED
o [=} o o o o . 5 . . N N @
< 5 2 .nw 3 8 S IS 2 R s [N N [AINN o o -~ N [N o ® o % 8 W % 3 38 m m
[ T T T T T T T T T T T T o 1 T T T T T T T T T 4]
08 ~ o
o8 N 0c
/ \
0L 014
- / A\
o X T
& R o
M
> 09 1 T 014 %
Q VT Z
@] / / -
Wm 0g T T 05 M
w | ¥ m
m { Y )
A \ \ m
2 o / L
= : N o
m ®
= \ YN
Q. \ = \NSEAN -
o \ AY
s
N\
[or4 / 08
\ //
//
ol i\ 06
Q I\
“ @
0 f - - - - - - - - R EEE| i ! R R T . b i L e Ll L i oot
8 g 88 3sgzs B B&® 58 5 8 8 8 s TR 85388 s " e S
SHILIWITIIN Ni FZIS Nivao GHVANVLS 'S'N ‘HONI ¥3d SONINIAO HSIW 40 "ON _ SIHONI NI ONINIJO HSIW 40 3ZIS
SISATYNY ¥ILINONAAH SISATTYNY FAFS

FIG. B-2




ATT _MAIN 21-21190.GPJ SHAN, _WIL.GDT 5/7/10

We 0 1 pue 21
€801 “ONI ‘NOSTIIM ' NONNVHS
§L0-06LLCL-LC 0loc¢sunr
0l-1-Hg ONINOg v'65 6'6% oL Ge S soluelo jo a0 ‘Ao jo soel ‘LIS Apues ‘umoiq Yeq I 00 71 ‘'0L-L-HE &
LHVHO ALIDILSY 1d 9Y9 9oy zh | ze | v L11s Aefep ‘Apues suy ‘umoig W 0’08 01§ '0LL-HE Y
0’86 TS 4 a4 96 sojueblio paseyess ‘pues Jo soen ‘[ IS Ashelo Apubls ‘umolg HIA ooy 8-S ‘0l--Ha B
9.6 L9 Ge a4 8L sojueBio jo ekl ‘pues jo soey ‘| IS Askeio Apubiis ‘umoid 34BN HIN 002 7S '0l-i-HE @
uolBuiysepA ‘uospIsay
; % % "0’ % % % ILVOIHISSY 10 T08WAS (1) ‘ON T1dAYS
Alljioe4 Bunsen uooiuod 076 HS \.wmwm_u \pwas _\n_ J\n_ ._\4 No J_ommm ‘'8N H1ld3d aNV ONINOR
(%) 11 - LN @inon
oLk 00l 06 08 0L 09 05 o 0g 0z 0l oo
SNV PO HO BUUL SRS U HUPNN S SRR : RS A
HO 4p HIA =10
oL
0z
) =
W10 yd € &
sis Aokep puesfkep g | o 1 | | e A =
(@]
Ayoyserd m
yby Jo syis Ashero pue :HO 1o HiN =
syis olueBio pue ouebiouy W
or 0
Ayonseld : B
MO} JO siis AaAep pue 0 40 TR Y
syis ouebio pue ojuebiou) =
shep HO ) 05
oluebiou; Ayogseid ubiH
sAeo Ayjis pue Apues ‘sAeo
olueBiour Ayoseid mo 9 -
09
G EDEN !
o

FIG. B-3




ATT MAIN 21-21180.GPJ SHAN WIL.GDT 5/7/10

- - 0 1AL pLE feo)
¥-8°9l4 "ONI ‘NOSTIM '® NONNVHS
GL0-06L12-L-L2 0Oiog sunp
¥¥s Kae4 €L og 54 LIS Apues suy *Aekeio Apubiis ‘Aero w 0004 02-8 '0L-2-Hg O
0lL-Z-Hg ONIYOg 109 Sop vl ge 6¥ 171S Apues auy ‘Aeso R 0'sS L-S ‘0l-2-Hg ¢
LHVHO ALIOILSV1d 6'8e 8 [oe | se sojuebio auy o} snp Alssil Aonseld (ONVS suy ‘Ayis ‘Aeio ns o'sy 65 ‘0L-Z-HE ¥
8'/9 8z 4 89 1S Aehep Aeigy HW o'se LS'oLe-Ha @
) 818 959 82 | oy | sg LIS Aakers Apybis ‘Apues Wwnipsiu o) suy AguBlis ‘Aeis H 05t £-S ‘0l-z-HE @
uojbuiysepn ‘ueepiaqy
% ‘00z# | % OM % % % NOILYDIISSY1D 0aAS (193y) "ON FTdINYS
Aioe Bunse) uoojuod ozg S "SSvd “LYN Id Id 11 108 'S0'sN Hld3a aNv BNRIOE
(%) T1- L ainor
oLl 00} 06 08 0. 09 05 o 0g 0z 0} 0
- , - i 0
aL
oz
-z
TR0 0g w
slis AeAepo pue shep Ay =
o
Ayopseid 3
uby jo syis Aokepp pue ‘HO 10 HI =
slis ojuefio pue oebioy; m
o M
Ayopsed "
MOl 40 s)iis Aehep pue o 1o o
slis ouehio pue ojuebiou; —
N
skep Ho )
olueBiour Ayonseld ybiy 08
shejo Ajlis pue Apues ‘shepo
oebiour Ajopseld mo g
09
W ERE
QL

FIG. B-4




APPENDIX C

GEOVISION FINAL REPORT
520 PONTOON CONSTRUCTION
DESIGN BUILD PROJECT
DATED AUGUST 26, 2010

21-1-21190-015



hysical services

FINAL REPORT

520 PONTOON CONSTRUCTION
DESIGN-BUILD PROJECT

BORING GEOPHYSICS,
BORINGS BH-1-10 AND BH-2-10

Report 10107-01 rev 3
August 26, 2010

GEOQVision Report 10107-01 520 Pontoon Construction Project Boring Geophysics rev 3 August 26, 2010

Page 1 of 52



520 PONTOON CONSTRUCTION
DESIGN-BUILD PROJECT

BORING GEOPHYSICS,
BORINGS BH-1-10 AND BH-2-10

Report 10107-01 rev 3
August 26, 2010

Prepared for:

Kiewitt General, A Joint Venture
1202 Port of Tacoma Road
Gig Harbor, WA 98335
(253) 439-6180

Prepared by

GEOVision Geophysical Services
1124 Olympic Drive
Corona, California 92881
(951) 549-1234

GEOVision Report 10107-01 520 Pontoon Construction Project Boring Geophysics rev 3 August 26, 2010

Page 2 of 52



TABLE OF CONTENTS

TABLE OF CONTENTS coooocutiomenissnsssnscsssssssssssssssssssssssssssssssssssssesssssssssssssessssssesssessssssssssssseessseesesssseessesssssessssssess 3
TABLE OF FIGURES cooooovottmmttimtsscessnsssns et sssssssssessssssssssssssssssssssssssssassssssasssasssssssssssesssssesssssees oo eesesessessenesesseeessssse 4
TABLE OF TABLES ..oovvumtvtimmmiieemieenss s ssssssssssasssssssssssssssssssssnsssssssossosossssssssssssssssssssessesseosesessssseseses s sssees 4
INTRODUCTION cococovrvrtrvtrissrsessssesssssssssasssssossssssssssssssssssssssssssssssesssssssssassssensssessssssssssssssssssssssossessssess s 5
SCOPE OF WORK ....ooovvuvssetsemmseasusssssssesssssssssssssssssesmsssssssassssessssssssssssssssssssessessssssssssssssssssssesssoeesesesssessssssesssssssses 5
INSTRUMENTATION ccccovmmrttmmmssrssssssssssnssssssesssssssssssssssssssessssssssssssassessesssesssssssssammmssosseseesssssseseseeeeemessssssn 7
SUSPENSION INSTRUMENTATION -..ovvvvvvvvsmaie et ceescssssssssssseessseseesssseasssnnssesesssessssssssssse e oeeeooeeoeeosseeene 7
RESISTIVITY / SPONTANEOUS POTENTIAL INSTRUMENTATION ...........eeseeseees oo 9
CALIPER / NATURAL GAMMA INSTRUMENTATION....ov.cextevvevnssensaneasesernnsessesssessssessssssssos oo oo oo ooooooooosoooeeoeeoooo 12
MEASUREMENT PROCEDURES....ccuc.oovccvviserrsesssesssssesssssmsmmsssssssssasmanssssssssssssssssssssesssssssssesoseeseesesmssesssnnnnesss 14
SUSPENSION MEASUREMENT PROCEDURES ... -vvees e seeeeseees s e oo eeeee oo oo 14
RESISTIVITY / SPONTANEOUS POTENTIAL MEASUREMENT PROCEDURES «...ooooooooooooooooooooooooooo 14
CALIPER / NATURAL GAMMA MEASUREMENT PROCEDURES ........ovv.oeeeeeoeeeeeeeeeeessssreseoes oo oo 16
DATA ANALYSIS wccoevrirrisssnnssssesssssisssiessessssssssssssssssssssnssessssessessmssssssssasssssessssssseesssssseenessese s 18
SUSPENSION ANALYSIS .....covvvtmmrtressesusmaans soeeeeessssssssssssssssesssess e eeseesssss e ssee oo s s eeessessseeseeeooesoeseeessosooeeeeee . 18
RESISTIVITY / SPONTANEOUS POTENTIAL ANALYSIS......cvvvvvvvvomeerese oo seeeeeess oo eeee oo oeeoeoooooooooooeoeooooooooooooooooe 20
CALIPER / NATURAL GAMMA ANALYSIS ...t revcereensensssssseeessseeeeessessesseesssmeessoes e oeooeoeoeoeeeeeoeooo 20
RESULTS sttt sttt sttt ettt sssssssss 080444848474 RRR R4 4R R8sttt oot | 21
SUSPENSION RESULTS ........covstrrcvrtsrssvesssmassio e e esesseneeeessssenes s s oeeoeeeeeeeeeeeeeeeee . 21
RESISTIVITY / SPONTANEOUS POTENTIAL RESULTS .cccovvvuvvuvvvvvvsiesse e oeeeoeeeo oo 21
CALIPER / NATURAL GAMMA RESULTS w.v.vvvoiceeceeeee s sssseeeseseeesensesseessesenessesseess oo ooeoeeoeeeeeoeeeeeeoeoo 22
SUMMARY coovusitttisiremmsssssisssssssssissssssssssssessessssssssssssssassesssssasssssssesesessssssssesssssssssssesesssmmeseesseess s seses 22
DISCUSSION OF SUSPENSION RESULTS ....covuvvnveneeeeeeresrese s, e 22
DISCUSSION OF RESISTIVITY / SPONTANEOUS POTENTIAL RESULTS........covonuvvveeeesesoooooooooooooooooooooooo 23
DISCUSSION OF CALIPER / NATURAL GAMMA RESULTS ¢..vvcvcvvvveeeeeeeeaaaseoseeoseeseseses oo oo 23
QUALITY ASSURANCE ....ccoooerrcvereessssvssssssamansecires et essss s senaseessseees e oo eooooeeeeeeeees oo 23
SUSPENSION DATA RELIABILITY w..ccccvvvvvvvvsveemseaesessess sttt cee s es s oo ee st seeeeeeessssses s oeeeoeooeoeeoooeoee 24

GEOVision Report 10107-01 520 Pontoon Construction Project Boring Geophysics rev 3 August 26, 2010 Page 3 of 52



Table of Figures

Figure 1. Concept illustration of P-S10gging SYSIEM ..., 25
Figure 2. Example of filtered (1400 Hz 1oWPaSS) rECOIT.......cvviiiiiviiiirinn st 26
Figure 3. Example of unfilterad réCord ...t 27
Figure 4: Boring BH-1-10, Suspension R1-R2 P- and Sy-wave VeloGities .........vvi i, 28
Figure 5. Boring BH-1-10, ELOG, Caliper and Natural Gamma I0gs ...........c.ovriimirimeie 30
Figure 6: Boring BH-2-10, Suspension R1-R2 P- and Sy-wave VeloCies ... 31
Figure 7. Boring BH-2-10, ELOG, Caliper and Natural Gamma logs .........coverniniininicin 33
Table of Tables
Table 1 Boring logging dates and loCatioNS.... ... s 6
Table 2 Suspension PS Logging EQUIDMENt ... s 7
Table 3. Logging dates and depth ranges ... 17
Table 4. Boring BH-1-10, Suspension R1-R2 depths and P- and Sp-wave veloCities ..., 29
Table 5. Boring BH-2-10, Suspension R1-R2 depths and P- and Si-wave veloGities ..., 32
APPENDICES
APPENDIX A SUSPENSION VELOCITY MEASUREMENT QUALITY

APPENDIX B

APPENDIX C

ASSURANCE SUSPENSION SOURCE TO RECEIVER
ANALYSIS RESULTS

ELOG, CALIPER AND NATURAL GAMMA LOGS

GEOPHYSICAL LOGGING SYSTEMS - NIST TRACEABLE
CALIBRATION PROCEDURES AND CALIBRATION RECORDS

GEOVision Report 10107-01 520 Pontoon Construction Project Boring Geophysics rev 3 August 26, 2010 Page 4 of 52



INTRODUCTION

Boring geophysical measurements were collected in 2 uncased borings for the 520 Pontoon

Construction Design-Build Project, near Aberdeen, Washington. Geophysical data acquisition was
performed on March 31 and April 2, 2010 by Charles Carter of GEOVision. Data analysis and
report preparation was performed by Robert Steller and reviewed by John Diehl of GEOVision.
The work was performed under subcontract with Kewitt General, with Kyle Johnson serving as the

point of contact for Kewitt.

This report describes the field measurements, data analysis, and results of this work.

SCOPE OF WORK

This report presents the results of boring geophysical measurements collected on March 31 and
April 2, 2010, in 2 uncased borings, as detailed below. The purpose of these studies were to
supplement stratigraphic information obtained during Kewitt’s soil sampling program and to

acquire shear wave velocities and compressional wave velocities as a function of depth.
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BORING DATES LOCATION ELEVATION
DESIGNATION LOGGED NORTH EAST (FEET)

BH-1-10 3/31/10 NA NA NA

BH-2-10 C4prio T NA ] NA NA

Elevations shown are referenced to the North American Vertical Datum (NAVDS88).
Coordinates are based on the North American Datum (NADS3).

Table 1 Boring logging dates and locations

The OYO Model 170 Suspension Logging Recorder and Suspension Logging Probe were used to
obtain in-situ horizontal shear and compressional wave velocity measurements at 1.6-foot intervals.
The acquired data were analyzed and a profile of velocity versus depth was produced for both

compressional and horizontally polarized shear waves.

A detailed reference for the velocity measurement techniques used in this study is:

Guidelines for Determining Design Basis Ground Motions, Report TR-102293,
Electric Power Research Institute, Palo Alto, California, November 1993, Sections 7

and 8.

The Robertson ELGX and 3ACS probes were used to collect long and short normal resistivity
(LON, SHN), single point resistance (SPR) Spontaneous Potential (SP), natural gamma (NGAM)
and caliper (CALP) data at 0.05-foot intervals to assist in delineating the transitions between

different geologic units at the site.
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INSTRUMENTATION

Suspension Instrumentation

Suspension soil velocity measurements were performed in each boring using the suspension PS
logging system, manufactured by OYO Corporation, and their subsidiary, Robertson Geologging.
This system directly determines the average velocity of a 3.3 feet high segment of the soil column
surrounding the boring of interest by measuring the elapsed time between arrivals of a wave
propagating upward through the soil column. The receivers that detect the wave, and the source
that generates the wave, are moved as a unit in the boring producing relatively constant amplitude

signals at all depths.

Winch GEOVision 7-conductor
Sheave - Measuring wheel GEOVision S/N 102

OYO 170 PS Logging unit M/N 3331 S/N 160024

OYO PS Logger Borehole Probe, includes:
Isolation tube, 1m_Model 33878 S/N 280068
Weight Model 3302W S/N 470151
OYO PS 170 Source Model 3304 S/N 21050
Receiver/Sensor S/N 30086
Driver Model 3386A S/N 490157

Table 2 Suspension PS Logging Equipment

The suspension system probe consists of a combined reversible polarity solenoid horizontal shear-
wave source (Syy) and compressional-wave source (P), joined to two biaxial receivers by a flexible
isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet, allowing
average wave velocity in the region between the receivers to be determined by inversion of the
wave travel time between the two receivers. The total length of the probe as used in these surveys

is 21 feet, with the center point of the receiver pair 12.1 feet above the bottom end of the probe.
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The probe receives control signals from, and sends the receiver signals to, instrumentation on the
surface via an armored 4- or 7-conductor cable. The cable is wound onto the drum of a winch and
is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.3-foot

circumference sheave fitted with a digital rotary encoder.

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled
directly to the boring walls; rather, the source motion creates a horizontally propagating impulsive
pressure wave in the fluid filling the boring and surrounding the source. This pressure wave is
converted to P and Sp-waves in the surrounding soil and rock as it passes through the casing and
grout annulus and impinges upon the wall of the boring. These waves propagate through the soil
and rock surrounding the boring, in turn causing a pressure wave to be generated in the fluid
surrounding the receivers as the soil waves pass their location. Separation of the P and Syj-waves at
the receivers is performed using the following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,
maximizing the amplitude of the recorded Sgy -wave signals.

2. At each depth, Sy-wave signals are recorded with the source actuated in opposite directions,
producing Spy-wave signals of opposite polarity, providing a characteristic Sy-wave
signature distinct from the P-wave signal.

3. The 7.1-foot separation of source and receiver 1 permits the P-wave signal to pass and damp
significantly before the slower Sy-wave signal arrives at the receiver. In faster soils or rock,
the isolation cylinder is extended to allow greater separation of the P- and Syj-wave signals.

4. In saturated soils, the received P-wave signal is typically of much higher frequency than the
received Sg-wave signal, permitting additional separation of the two signals by low pass
filtering.

5. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers
because the wavelength of the pressure pulse in fluid is significantly greater than the
dimension of the fluid annulus surrounding the probe, preventing significant energy

transmission through the fluid medium.
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In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:

1. The source is fired in one direction producing dominantly horizontal shear with some
vertical compression, and the signals from the horizontal receivers situated parallel to the
axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal receiver signals are
recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated source
pattern facilitates the picking of the P and Sy-wave arrivals; reversal of the source changes

the polarity of the S-wave pattern but not the P-wave pattern.

The data from each receiver during each source activation is recorded as a different channel on the
recording system. The suspension PS system has six channels (two simultaneous recording
channels), each with a 1024 sample record. The recorded data are displayed as six channels with a
common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences

can be summed to improve the signal to noise ratio of the signals.

Review of the displayed data on the recorder or computer screen allows the operator to set the
gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize the
quality of the data before recording. Verification of the calibration of the suspension PS digital
recorder is performed every twelve months using a NIST traceable frequency source and counter, as

outlined in Appendix C.

Resistivity / Spontaneous Potential Instrumentation

Resistivity, spontaneous potential and natural gamma data were collected using a Model ELXG
electric log probe, S/N 5490, manufactured by Robertson Geologging, Ltd. This probe measures
Single Point Resistance (SPR), short normal (16-inch) resistivity, long normal (64-inch) resistivity

and spontaneous potential (SP). The probe is 8.2 feet long, and 1.7 inches in diameter.
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This probe is useful in the following studies:
e Bed boundary identification
e Strata correlation between borings

e Strata geometry and type (shale indication)

The probe receives control signals from, and sends the digitized measurement values to, a
Robertson Micrologger II, on the surface via an armored 4 conductor cable. The cable is wound
onto the drum of a winch and is used to support the probe. Cable travel is measured to provide
probe depth data, using a 3.3-foot circumference sheave fitted with a digital rotary encoder. The
probe and depth data are transmitted by USB link from the Micrologger unit to a laptop computer
where it is displayed and stored on hard disk.

The resistivity section of the probe operates by driving a low frequency alternating current into the
formation from the central SPR/DRIVE electrode. The current returns via the logging cable armor.
To ensure adequate penetration of the formation the logging cable is insulated for approximately 33
feet from the cablehead. Voltages are measured between the 16-inch and 64-inch electrodes and the

cable armor, as noted below:

e 16-inch normal (Short Normal-SHN): The survey current leaves the SPR/DRIVE electrode
in all directions, diverging as it does so. In a homogeneous soil, an equipotential sphere
with radius equal to the electrode spacing (16-inches) will define the volume of
investigation. The voltage at the 16-inch electrode divided by the drive current produces a
resistance value that is then multiplied by a geometric factor of approximately 12.5 times the
electrode spacing, to produce a resistivity value in ohm-feet. The geometric factor is the
quotient between the cross-sectional area the current passes through and the distance the

current travels.
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¢ 64 inch normal (Long Normal-LON): The survey current leaves the SPR/DRIVE electrode
in all directions, diverging as it does so. In a homogeneous soil, an equipotential sphere
with radius equal to the electrode spacing (64 inches) will define the volume of
investigation. The voltage at the 64-inch electrode divided by the drive current produces a
resistance value that is then multiplied by a geometric factor of approximately 12.5 times the
electrode spacing; to produce a resistivity value in ohm-feet. The geometric factor is the
quotient between the cross-sectional area the current passes through and the distance the

current travels.

e Single Point Resistance (SPR): The current flowing to the cable armor is measured along
with the voltage at the SPR/DRIVE electrode. The voltage divided by current gives
resistance. SPR is a measurement of formation resistance only, not a volumetric
measurement as Short and Long Normal are. SPR can usually resolve thinner beds, but is

more readily influenced by boring diameter and changes in boring fluid.
e Spontaneous Potential (SP): This is the DC bias of the 16-inch electrode with respect to the

voltage reference at the surface. Data quality is dependant upon good grounding at the

surface, which is achieved with a copper clad steel stake driven into the mud-pit
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Caliper / Natural Gamma Instrumentation

Caliper and natural gamma data were collected using a Model 3ACS 3-leg caliper probe, serial
number 5368, manufactured by Robertson Geologging, Ltd. With the short arm configuration used
in these surveys, the probe permitted measurement of boring diameters between 1.6 and 16 inches.
With this tool, caliper measurements were collected concurrent with measurement of natural gamma

emission from the boring walls. The probe is 6.82 feet long, and 1.5 inches in diameter.

This probe is useful in the following studies:
e Measurement of boring diameter and volume
e Location of hard and soft formations
e Location of fissures, caving, pinching and casing damage
e Bed boundary identification

e Strata correlation between borings

The probe receives control signals from, and sends the digitized measurement values to, a
Robertson Micrologger II on the surface via an armored 4 conductor cable. The cable is wound
onto the drum of a winch and is used to support the probe. Cable travel is measured to provide
probe depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder. The
probe and depth data are transmitted by USB link from the Micrologger unit to a laptop computer
where it is displayed and stored on hard disk.

The caliper consists of three arms, each with a toothed quadrant at their base, pivoted in the lower
probe body. A toothed rack engages with each quadrant, thus constraining the arms to move
together. Linear movement of the rack is converted to opening and closing of the arms. Springs
hold the arms open in the operating position. A motor drive is provided to retract the arms,
allowing the probe to be lowered into the boring. The rack is coupled to a potentiometer which

converts movement into a voltage sensed by the probe's microprocessor.
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Natural gamma measurements rely upon small quantities of radioactive material contained in all
rocks to emit gamma radiation as they decay. Trace amounts of uranium and thorium are present in
a few minerals, where potassium-bearing minerals such as feldspar, mica and clays will include
traces of a radioactive isotope of potassium. These emit gamma radiation as they decay with an
extremely long half-life. This radiation is detected by scintillation - the production of a tiny flash of
light when gamma rays strike a crystal of sodium iodide. The light is converted into an electrical
pulse by a photomultiplier tube. Pulses above a threshold value of 60 KeV are counted by the
probe's microprocessor. The measurement is useful because the radioactive elements are

concentrated in certain rock types e.g. clay or shales, and depleted in others e.g. sandstone or coal
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MEASUREMENT PROCEDURES

Suspension Measurement Procedures

Each boring was logged uncased, filled with bentonite/polymer based drilling mud. Measurements
followed the GEQ Vision Procedure for P-S Suspension Seismic Velocity Logging, revision 1.4 The
probe was positioned with the top of the probe at the top of the mud box, and the electronic depth
counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top of the
probe, minus the height of the mud box, as verified with a tape ‘measure, and recorded on the field
logs. The probe was then lowered to the bottom of the boring, stopping at 1.6-foot intervals to

collect data, as summarized in Table 3.

At each measurement depth the measurement sequence of two opposite horizontal records and one
vertical record was performed, and the gains were adjusted as required. The data from each depth

were viewed on the computer display, checked, and recorded on disk before moving to the next

depth.

Upon completion of the measurements, the probe zero depth indication at the depth reference point

was verified prior to removal from the boring.

Resistivity / Spontaneous Potential Measurement Procedures

Each boring was logged uncased, filled with bentonite/polymer based drilling mud. The probe was
connected to the logging cable using a 33-foot long insulating cable section or “yoke”. The probe
head was insulated by wrapping all exposed metal of the cablehead and probe with self-
amalgamating insulation tape. The insulating yoke was checked for any damage, and repaired with

self-amalgamating insulation tape as needed.

GEOVision Report 10107-01 520 Pontoon Construction Project Boring Geophysics rev 3 August 26, 2010 Page 14 of 52



The reference ground stake was driven firmly into the mud pit, and connected to the ground socket

on the winch switch box.

This sonde was not calibrated in the field, as it is used to provide qualitative measurements, not
quantitative values, and is used only to assist in picking transitions between stratigraphic units, as
described in ASTM D5753, “Planning and Conducting Borehole Geophysical Surveys”. Prior to
each logging run, the resistivity and SP functions were verified, using the manufacturer’s supplied
ELOG test fixture, which connects fixed resistance values across the probe electrodes to mimic soil
resistivities of 10, 100, 1000 and 10000 ohm-feet, and an SP of 100 millivolts. The measured
dimensions, as displayed on the recording computer screen, were recorded on the field log sheet, as

well as a digital record, and compared with the test box values.

In each boring, the probe was positioned with the top of the probe at the top of the mud box, and the
electronic depth counter was set to 8.2 feet, the specified length of the probe, minus the height of
the mud box, as verified with a tape measure. The probe was lowered to the bottom of the boring,
where data collection was begun. The probe was then returned to the surface at 10 feet/sec,

collecting data continuously at 0.05-foot spacing, as summarized in Table 3.

Upon completion of the measurements, the probe zero depth indication at the depth reference point

was verified prior to removal from the boring.
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Caliper / Natural Gamma Measurement Procedures

Each boring was logged uncased, filled with bentonite/polymer based drilling mud. The probe was
positioned with the top of the probe at the top of the mud box, and the electronic depth counter was
set to 4.7 feet, the distance between the measuring point and the top of the probe, minus the height
of the mud box, as verified with a tape measure, and recorded on the field logs. Measurements
followed ASTM D6167-97 (Re-approved 2004) Conducting Borehole Geophysical Logging —
Mechanical Caliper.

Prior to and following each logging run, the caliper tool was verified, using the manufacturer’s
supplied three point calibration jig. The three point jig is a circular plate with a series of holes in
the top surface into which the tips of the caliper arms fit. This has circles of diameters from 2 to 12
inches. The calibration jig is placed over a bucket with the probe standing upright with its nose
section passing through the jig’s central hole. The caliper probe arms are opened under program
control, and a log is recorded as the tips of the arms are placed in the holes on the calibration jig and
inside the PVC coupling. The measured dimensions, as displayed on the recording computer screen
was recorded on the field log sheet, as well as in the digital files, and compared with the calibration
jig dimensions. If the verification records did not fall within +/- 0.05 fnches of the calibration jig
values, the caliper tool was re-calibrated, using the three point calibration jig, and the log repeated.
As with the verification, the tips of the caliper arms are placed in the holes marked with the required
diameter. During calibration, the value of the current calibration point, as stamped on the jig, is
entered via the control computer. The system counts for 15 seconds to make an average of the

response. The procedure is repeated for the second and third required openings.

The computation and generation of the calibration coefficient file is entirely automatic. The

calibration file is the set of coefficients of a quadratic curve which fits the three data points.
Natural gamma was not calibrated in the field, as it is a qualitative measurement, not a quantitative

value, and is used only to assist in picking transitions between stratigraphic units, as described in

ASTM D6274-98 (Re-approved 2004), Conducting Borehole Geophysical Logging - Gamma.
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In each boring, the probe was positioned with the top of the probe at the top of the casing, and the
electronic depth counter was set to the specified length of the probe, minus the height of the casing
stick-up, as verified with a tape measure, and recorded on the ficld logs. The probe was lowered to
the bottom of the boring, where the caliper legs were opened, and data collection begun. The probe
was then returned to the surface at 10 feet/minute, collecting data continuously at 0.05 foot spacing,

as summarized in Table 3.

Upon completion of the measurements, the probe zero depth indication at the depth reference point

was verified prior to removal from the boring.

DEPTHTO
BORING TOOL AND RUN DEPTH OPEN BOTTOM OF SAMPLE DATE
NUMBER NUMBER RANGE HOLE CASING INTERVAL || 5GGED
(FEET) (FEET) ot (FEET)
BH-1-10 SUSPENSION 1 27.9- 1821 - 25 16 373172010
BH-1-10 ~ ELOG 1 198.9-396 196.9 25 0.05 3/31/2010
BH-1-10 CALIPER/GAMMA 1 1828126 ; 25 3/31/2010

B SIO0

VIA | 20
- PROBE DID NOT TOUCH BOTTOM OF BORING

Table 3. Logging dates and depth ranges
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;

DATA ANALYSIS

Suspension Analysis

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms were
analyzed to locate the most prominent first minima, first maxima, or first break on the vertical axis
records, indicating the arrival of P-wave energy. The difference in travel time between receiver 1
and receiver 2 (R1-R2) arrivals was used to calculate the P-wave velocity for that 3.3-foot segment
of the soil column. When observable, P-wave arrivals on the horizontal axis records were used to
verify the velocities determined from the vertical axis data. The time picks were then transferred
into an EXCEL templdte (EXCEL version 2003 SP2) to complete the velocity calculations based
upon the arrival time picks made in PSLOG.

The P-wave velocity over the 7.1-foot interval from source to receiver 1 (S-R1) was also picked
using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity derived
from the travel time between receivers. In this analysis, the depth values as recorded were
increased by 5.1 feet to correspond to the mid-point of the 7.1-foot S-R1 interval. Travel times
were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 0.3
milliseconds, the calculated and experimentally verified delay from source trigger pulse (beginning
of record) to source impact. This delay corresponds to the duration of acceleration of the solenoid

before impact.

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to locate
the presence of clear Sy-wave pulses, as indicated by the presence of opposite polarity pulses on
each pair of horizontal records. Ideally, the Sy-wave signals from the 'normal' and 'reverse' source
pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass filtering was used
to remove the higher frequency P-wave signal from the Sy-wave signal. Different filter cutoffs
were used to separate P- and Sy-waves at different depths, ranging from 600 Hz in the slowest
zones to 2000 Hz in the regions of highest velocity. At each depth, the filter frequency was selected

to be at least twice the fundamental frequency of the Sy-wave signal being filtered.
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Generally, the first maxima were picked for the 'normal’ signals and the first minima for the 'reverse'
signals, although other points on the waveform were used if the first pulse was distorted. The
absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds, diie to
differences in the actuation time of the solenoid source caused by constant mechanical bias in the
source or by boring inclination. This variation does not affect the RI-R2 velocity determinations,
as the differential time is measured between arrivals of waves created by the same source actuation.
The final velocity value is the average of the values obtained from the 'normal' and 'reverse' source

actuations.

As with the P-wave data, Sy-wave velocity calculated from the travel time over the 7.1-foot interval
from source to receiver 1 was calculated and plotted for verification of the velocity derived from the
travel time between receivers. In this analysis, the depth values were increased by 5.1 feet to
correspond to the mid-point of the 7.1-foot S-R1 interval. Travel times were obtained by picking
the first break of the Sy-wave signal at the near receiver and subtracting 0.3 milliseconds, the
calculated and experimentally verified delay from the beginning of the record at the source trigger

pulse to source impact.

These data and analysis were reviewed by John Diehl as a component of GEOVision’s in-house
QA-QC program.

Figure 3 shows an example of R1 - R2 measurements on a sample filtered suspension record. In
Figure 3, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal
signals is equivalent to an Sp-wave velocity of 1745 feet/second. Whenever possible, time
differences were determined from several phase points on the Sy-waveform records to verify the
data obtained from the first arrival of the Sp-wave pulse. Figure 4 displays the same record before
filtering of the Sy-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, illustrating
the presence of higher frequency P-wave energy at the beginning of the record, and distortion of the

lower frequency Sy-wave by residual P-wave signal.
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Resistivity / Spontaneous Potential Analysis

No analysis is required with the resistivity or spontancous potential data. Using Robertson
Geologging Winlogger software version 1.5, build 401J, these data were converted to LAS 2.0 and

PDF formats for transmittal to the client.

Caliper / Natural Gamma Analysis

No analysis is required with the caliper or natural gamma data. Using Robertson Geologging
Winlogger software version 1.5, build 401J, these data were converted to LAS 2.0 and PDF formats

for transmittal to the client.
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RESULTS

Suspension Results

Suspension R1-R2 P- and Sp-wave velocities are plotted in Figures 4 and 6. The suspension
velocity data presented in these figures are presented in Tables 4 and 5. These plots and data are

included in the EXCEL analysis files transmitted separately.

P- and Sy-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data are
plotted together in Figures A-1 and A-2 to aid in visual comparison. It should be noted that R1-R2
data are an average velocity over a 3.3 feet segment of the soil column; S-R1 data are an average
over 7.1 feet, creating a significant smoothing relative to the R1-R2 plots. S-R1 data are presented

in Tables A-1 and A-2, and included in the EXCEL analysis files transmitted separately.

Calibration procedures and records for the suspension PS measurement system are presented in

Appendix C.

Resistivity / Spontaneous Potential Results

Resistivity and spontaneous potential data is presented as single page logs in Figures 5 and 7, as
well as multi-page logs in Appendix B, and delivered as LAS 2.0 data and Acrobat files transmitted

separately.
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Caliper / Natural Gamma Results

Caliper and natural gamma data for borings are presented as single page logs in Figures 5 and 7, as
well as a multi-page logs in Appendix B, and delivered as LAS 2.0 data and Acrobat files

transmitted separately.

SUMMARY

Discussion of Suspension Results

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with
rotary mud (rotary wash) methods. These borings were generally well suited for collection of

suspension PS velocity data.

Suspension PS velocity data quality is judged based upon 5 criteria:
1. Consistent data between receiver to receiver (R1 — R2) and source to receiver (S —R1) data.
2. Consistent relationship between P-wave and Sy -wave (excluding transition to saturated
soils)
3. Consistency between data from adjacent depth intervals.
4. Clarity of P-wave and Sy-wave onset, as well as damping of later oscillations.

5. Consistency of profile between adjacent borings, if available.

These data show good correlation between R1 — R2 and S — R1 data, as well as good correlation
between P-wave and Sy-wave velocities for all borings. Adjacent depth intervals provide similar
velocities, indicating fairly homogeneous materials in most depth intervals. P-wave and Sy-wave

onsets are generally clear, and later oscillations are well damped.
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Discussion of Resistivity / Spontaneous Potential Results

The resistivity logs show significant changes in lithology in all borings, corresponding with changes
in velocity. SP logs are not particularly diagnostic at this site. The electrical data are not valid
above 39 feet, as the upper yoke electrode moves above the drilling fluid and precludes the

collection of electrical data.

Discussion of Caliper / Natural Gamma Results

The caliper logs show fairly even gauge in most of the borings, with a few washouts at shallow
depths. Natural gamma logs do not show substantial changes in any of the borings, but there are

several borings that show minor changes with lithology, and correspond to changes in velocity..

Quality Assurance

These boring geophysical measurements were performed using industry-standard or better methods
for measurements and analyses. All work was performed under GEOVision quality assurance

procedures, which include:

® Use of NIST-traceable calibrations, where applicable, for field and laboratory instrumentation

e Use of standard field data logs

* Use of independent verification of velocity data by comparison of recéiver—to—receiver and
source-to-receiver velocities

* Independent review of calculations and results by a registered professional engineer, geologist,

or geophysicist.
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Suspension Data Reliability

P- and Sy-wave velocity measurement using the Suspension Method gives average velocities over a
3.3 feet interval of depth. This high resolution results in the scatter of values shown in the graphs.
Individual measurements are very reliable with estimated precision of +/- 5%. Standardized field

procedures and quality assurance checks contribute to the reliability of these data.
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Figure 1: Concept illustration of P-S logging system
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Depth Vs Ve Depth Vs Ve
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec)
27.9 411 2051 111.5 1151 5468
29.5 364 2711 113.2 754 5292
31.2 325 2514 114.8 808 5706
32.8 365 2853 116.5 1094 6249
34.4 393 2625 118.1 1143 6371
36.1 353 2395 119.8 1124 6190
37.7 348 2903 121.4 982 5965
39.4 352 2983 123.0 1000 5756
41.0 361 2734 124.7 1090 5807
42.7 377 2430 126.3 1112 6076
44.3 386 3454 128.0 1124 6076
45.9 417 3860 129.6 852 6249
47.6 474 3454 131.2 1108 6433
49.2 462 3125 132.9 1189 6371
50.9 470 3281 134.5 1215 6190
52.5 492 3625 136.2 1267 6020
54.1 547 3860 137.8 1252 6190
55.8 594 4179 139.4 1238 6765
57.4 519 4557 141.1 1408 6981
59.1 519 4179 143.0 1793 6981
60.7 492 3906 144.4 1616 7132
62.3 519 4687 146.0 1593 7056
64.0 538 4687 147.6 1674 7211
65.6 521 4404 149.3 1896 7211
67.3 513 4721 150.9 1864 7373
68.9 525 4233 152.6 1691 6433
70.5 549 4825 154.2 1608 7132
72.2 558 4494 155.8 1577 6765
73.8 563 4755 157.5 1505 6433
75.5 536 4790 159.1 1433 6309
771 542 4621 160.8 1426 5859
78.7 558 4790 162.4 1485 5965
80.4 597 4897 164.0 1608 6696
82.0 653 5009 165.7 1803 6907
83.7 670 5047 167.3 1778 6433
85.3 637 4790 169.0 1491 5807
86.9 659 4687 170.6 1426 6249
88.6 687 4721 172.2 1562 6371
90.2 643 4654 173.9 1670 6371
91.9 673 4687 175.5 1632 6249
93.5 725 4755 177.2 1597 6190
95.1 733 4861 178.8 1700 6249
96.8 796 4934 180.4 1540 6190
98.4 820 5514 182.1 1414 6020
1004 1048 6076

101.7 1083 5807

103.3 1028 5965

105.0 932 5561

106.6 1019 5561

108.3 1025 5807

Table 4. Boring BH-1-10, Suspension R1-R2 depths and P- and Sy-wave velocities
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Figure 5. Boring BH-1-10, ELOG, Caliper and Natural Gamma logs
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Depth Vi Vp Depth Ve Vp
(feet) (feet/sec) (feet/sec) {feet) (feet/sec) (feet/sec)
23.0 294 1700 105.0 768 4934
24.6 361 2232 106.6 927 5126
26.2 379 1272 108.3 1062 5335
27.9 563 1478 109.9 1000 5292
29.5 319 2158 111.5 1006 5514
31.2 297 2625 113.2 959 5608
32.8 310 2117 114.8 768 5167
34.4 308 1665 116.8 802 5009
36.1 327 1691 118.1 868 5087
37.7 362 3281 119.8 937 5292
39.4 360 4317 121.4 1008 5859
41.0 398 3605 123.0 1086 6020
42.7 437 3435 124.7 1127 5911
44.3 457 3547 126.3 1176 6076
45.9 484 3125 128.0 1032 6433
47.6 477 3201 129.6 1090 6076
49.2 457 3110 131.2 1272 6076
50.9 451 3750 132.9 1379 6497
52.5 464 4001 134.5 1282 6765
54.1 457 3605 136.2 1350 6835
55.8 457 3645 137.8 1478 7132
574 511 3929 139.4 1396 7132
59.1 482 4153 141.1 1593 7132
60.7 515 4206 142.7 1736 7211
62.3 545 4621 144.7 1526 6433
64.0 554 4790 146.0 1630 6497
65.6 540 4721 147.6 1704 6497
67.3 531 4790 149.3 1677 6981
68.9 581 4790 150.9 1540 5965
70.5 588 4755 152.9 1491 5965
72.2 594 4755 154.2 1700 6190
73.8 613 4687 155.8 1624 5807
75.5 578 4687 157.5 1379 6190
7741 549 4687 159.1 1458 6371
78.7 525 4687 161.1 1593 6076
80.4 493 4721 162.4 1491 5807
82.0 515 4654 164.0 1632 5706
84.0 613 4621 165.7 1345 5514
85.3 608 4861 167.3 1233 5561
86.9 679 5047 169.0 1282 6076
88.6 713 5047 170.6 1361 6696
90.2 723 4897 172.2 1433 6835
91.9 630 4825 173.9 1593 7132
93.5 563 4755 175.5 1674 6562
95.1 542 4790 177.2 1540 6696
96.8 589 4721 178.8 1585 6249
98.4 650 4755 180.4 1600 6190
100.1 640 4755
101.7 663 4755
103.3 713 4825

Table 5. Boring BH-2-10, Suspension R1-R2 depths and P- and Sy-wave velocities
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Figure 7. Boring BH-2-10, ELOG, Caliper and Natural Gamma logs
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APPENDIX A

SUSPENSION VELOCITY MEASUREMENT

QUALITY ASSURANCE SUSPENSION SOURCE

TO RECEIVER ANALYSIS RESULTS
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and S - R1 quality assurance analysis P- and Sh-wave data
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Depth Ve Vp Depth Vs Vp
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec)
32.8 408 2217 114.8 947 5800
34.4 409 2295 116.4 939 6246
36.1 428 2568 118.1 1069 6276
37.7 395 2337 119.7 1097 6276
39.3 391 2180 121.4 1101 6246
41.0 392 2308 123.0 1073 5906
42.6 407 2424 124.6 1031 5906
44.3 443 2849 126.3 1207 6071
45.9 469 3455 127.9 1164 6369
47.5 497 3455 129.6 1144 6369
49.2 531 3550 131.2 1128 6629
50.8 549 3867 132.8 1148 6629
52.5 584 4111 134.5 1212 6369
54.1 614 4246 136.1 12256 6496
55.7 632 4389 137.8 1249 6629
574 608 4389 139.4 1388 6911
59.0 578 4389 141.0 1507 6432
60.7 578 4607 142.7 1550 6562
62.3 558 4543 144.3 1636 6838
63.9 563 4543 146.0 1679 6802
65.6 571 4543 147.9 1742 6838
67.2 571 4707 149.2 1799 6838
68.9 589 4884 150.9 1830 6432
70.5 597 4543 152.5 1742 6400
721 600 4389 154.2 1608 6307
73.8 600 4302 155.8 1514 6432
75.4 594 4246 157.4 1521 6369
77.1 608 4260 159.1 1493 6216
78.7 648 4543 160.7 1487 6100
80.3 700 4884 162.4 1543 6071
82.0 721 4830 164.0 1624 6369
83.6 732 4707 165.6 1554 6369
85.3 753 4884 167.3 1569 6128
86.9 744 4543 168.9 1569 6015
88.5 736 4527 170.6 1532 6015
90.2 736 4527 172.2 1437 6432
91.8 732 4543 173.9 1500 6432
93.5 732 4657 175.5 1507 6562
95.1 775 4884 177.1 1483 6629
96.8 835 5239 178.8 1460 6496
98.4 880 5505 180.4 1470 6432
100.0 965 5749 182.1 1507 6562
101.7 1083 5906 183.7 1490 6496
103.3 1055 5800 185.3 1573 6629
105.3 1027 5800 187.0 1628 6838
106.6 1012 5505

108.2 1012 5239

109.9 990 5413

111.5 961 5413

113.2 972 5600

Table A-1. Boring BH-1-10, S - R1 quality assurance analysis P- and Sy-wave data
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Depth Vs Vp Depth Ve Vo
(feet) (feet/sec) (feet/sec) (feet) (feetisec) (feet/sec)
27.9 339 1645 108.9 880 5413
29.5 330 1981 111.5 887 5600
31.1 322 2287 113.2 866 5505
32.8 308 2217 114.8 862 5239
344 328 2180 116.4 833 5156
36.1 339 2248 118.1 880 4997
37.7 361 2788 119.7 975 6043
39.3 397 3550 121.7 1041 5529
41.0 418 3755 123.0 1068 5698
42.6 458 3649 124.6 1101 6128
44.3 479 3281 126.3 1061 6043
459 480 3281 127.9 1109 6128
47.5 468 3256 129.6 1128 6128
49.2 468 3340 131.2 1124 6128
50.8 470 3649 132.8 1219 6629
52.5 471 3985 134.5 1259 6767
54.1 477 4035 136.1 1345 6432
55.7 487 4138 137.8 1403 6697
57.4 489 4246 139.4 1569 6802
59.0 512 3913 141.0 1581 6697
60.7 536 4575 142.7 1661 6276
62.3 556 4511 144.3 1604 6562
63.9 559 4543 146.0 1565 6187
65.6 571 4830 147.6 1636 6187
67.2 571 4884 149.6 1550 5852
68.9 573 4707 150.9 1604 5800
70.5 608 4884 152.5 1612 5649
721 617 4830 154.2 1604 5459
73.8 600 4724 155.8 1547 6015
75.4 586 4707 157.8 1569 5649
771 556 4707 159.1 1518 6246
78.7 531 4707 160.7 1577 6369
80.3 547 4707 162.4 1525 6128
82.0 563 4884 164.0 1418 6015
83.6 617 4884 166.0 1337 5698
85.3 696 4690 167.3 1269 5698
86.9 775 5075 168.9 1320 6015
88.9 789 5075 170.6 1448 6128
90.2 761 4866 172.2 1532 6496
91.8 714 4707 173.9 1577 6496
93.5 664 4640 175.5 1626 6767
95.1 639 4657 177.1 16592 6629
96.8 657 4866 178.8 1701 6015
98.4 660 4777 180.4 1640 6562
100.0 704 4903 182.1 1592 53806
101.7 712 4884 183.7 1624 5600
103.3 732 4830 185.3 1657 5482
105.0 785 5075

106.6 812 5239

108.2 839 5303

Table A-2. Boring BH-2-10, S - R1 quality assurance analysis P- and Sy-wave data
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APPENDIX B

ELOG, CALIPER AND NATURAL GAMMA LOGS
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APPENDIX C

BORING GEOPHYSICAL LOGGING
SYSTEMS - NIST TRACEABLE CALIBRATION
PROCEDURES AND CALIBRATION RECORDS
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GEOVision SUSPENSION PS SEISMIC LOGGER/RECORDER

CALIBRATION PROCEDURE
Reviewed 7/21/08
Objective

The timing/sampling accuracy of seismic recorders or data loggers is required for
several GEOVision field procedures including Seismic Refraction, Downhole P-S
Seismic Velocity Logging, and Suspension P-S Seismic Velocity Logging.  This
procedure describes the method for measuring the timing accuracy of a seismic data
logger, such as the OYO Model 170 or OYO/Robertson Model 3403. The objective of
this procedure is to verify that the timing accuracy of the recorder is accurate to within
1%.

Frequency of Calibration

The calibration of each GEOVision seismic data logger is twelve (12) months. In the
case of rented seismic logger/recorders, calibration must be performed prior to use.

~Test Equipment Required

The following equipment is required. Item #2 must have current NIST traceable
calibration.

1. Function generator, Krohn Hite 5400B or equivalent
2. Frequency counter, HP 5315A or equivalent

3. Test cables, from item 1 to item 2, and from item 1 to subject data logger.

Procedure

This procedure is designed to be performed using the accompanying Suspension P-S
Seismic Logger/Recorder Calibration Data Form with the same revision number. All
data must be entered and the procedure signed by the technician performing the test.

1. Record all identification data on the form provided.

2. Connect function generator to data logger (such as OYQO Model 170) using test
cable

3. Connect the function generator to the frequency counter using test cable.

4. Set signal generator to target frequency specified on data form, 0.25 volt (amplitude
is approximate, modify as necessary to yield less than full scale waveforms on

D v . Suspension PS Seismic Logger/Recorder Calibration Procedure
"' 2S20O77 Revision 2,0 Page 1
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logger display) peak sine wave. Verify frequency using the counter and note actual
frequency on the data form.

5. Set data logger to file length specified on data form and record a data file to disk.
Note file name on data form.

6. Measure the duration of 9 complete sine wave cycles on the data file. This
measurement must be made using the analysis program PSLOG.EXE version 1.00,
and saved as a .sps pick file. Note the duration in milliseconds in the spaces
provided on the data form. Calculate average recorded sine wave frequency for
each channel pair (Hn, Hr, V) by dividing the duration by 9. Note the average
frequency of each channel pair on the data form.

7. Repeat steps 4 through 6 until all target frequencies have been recorded, producing
6 separate data and pick files.

Criteria

The average frequency for the nine cycles (obtained by dividing 9 cycles by the duration
in seconds) must be within plus or minus 1% of the actual frequency for each of the 6
records.

If the results are outside this range, the data logger must be marked with a GEOVision
REJECT tag until it can be repaired and retested.

If results -are acceptabie affix label indicating the initials of the person performing the
calibration, the date of calibration, and the due date for the next calibration (12 months).

Procedure Approval
Approved by:

John G. Diehl President
Title
July 21, 2008
Date
Calibration Laboratory Approval (if required):
Name Title
Signature Date

e Suspension PS Seismic Logger/Recorder Calibration Procedure
l 1510/2 Revision 2.0 Page 2
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Page 1 of 4

EDISON ESI"  Calibration Report IR

3795

ASQUTHERN DALIFORNIA COISONY Company

T\/E‘etﬁ"@mg}y GEOVision Geophysical Services
¥ B, . il &
7300 Fenwick Lane 1124 Olympic Drive NV[L fj%
Westminster, CA 92683 Corong, CA. 92881-3390 Vs
Toll Free: 866-723-2257

Lab Code: 105014-0

Manufacturer:  Oyo Ambient Temperature: 23°C

Model Number: 3403 Ambient Humidity: 56% RH

Description: Unit, Suspension Telemetry ' Condition As Found: In Tolerance

Asset Number; 160024 Condition As Left: In Tolerance - No Adjustment
Serial Number: 160024 Calibration Date: 07/17/2009

Cal. Procedure: Customer Calibration Due Date:  07/17/2010

PO Number: 9200-090716-01 Calibration Interval: 12 Months

Remarks:

The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document M013987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4.

Standards Utilized
:
$1-01252 Hewlett Packard 5335A OPT 010,203040 | Counter, Universal 01/29/2009 | 07/29/2009
81-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 | 11/04/2009
$1-03686 Fluke 910 Standard, Frequency, Gontrolled, Gps 01/24/2009 | 01/24/2010

Branson, Craig A [} /}4,17 Metrologist 714-895-0714

Name Title Phone

This report may ot be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government, The results stated in this report relate only to the
items tested or calibrated. Measurements reported hereln are traceable to S units via national standards maintained by NIST.  This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSNCSL Z540-1-1994 and 10CFRS50, Appendix B. Whérs uncertainties are provided,
the uncertainty stated is the expanded uncertainty of the measurement, where k=2,
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Test No. 573795 Custom Specification Report
Asset No. 160024 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4
e e | e ] e
e 2002 same A 0.008000]
i 00 same e 0.003800]
1000 A 1000 Same [195\(/)1:; ol.gtl)golgg]
| o 2000 same [EMU 0.010000]
BRI
s | o | eme || RRGTL
1000 Xz 1001 Same [193?\(4)[{1001.33(5)0%31
o
sam | ws | sw || RSN
sne | o | eme || GGSA
Remarks:
gﬁfﬁi ?:77;;:2:2‘72«;2?4(5;;{3‘;;’["‘{»121EFSGUEC45]} (d) ATTACHMENT 2 Customer
Doc DUI: {1_7696'082-3,413»416A-315F-4I79D§887DDDA} (o) Page 1 Of 2
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Test No. 573795 Custom Specification Report

Asset No. 160024 Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4
Out
STEP FUNCTION NOMINAL of CALIBRATION
NUM TESTED VALUE ASFOUND | ASLEFT | of TOLERANCE
CHY 990 to 1010 Hz
Sy 1000 Hz 1000 Same [EMU 0.005000]
1980 to 2020 Hz
| 2000 Hz 2000 Same [EMU 0.010000]
Remarks: ,
MudCats CPM;: Version 2.2.2 (Professional) Customer
Sn:DZ'/[[: {9548/(F;D-CI'74D—4C;F-AEEI‘"—21EF560BC45U (q) ATTACHMENT 2
Do DUI (1269C082-3A13-416A-81BF-409D9837DDDA} (o) Page 2 of 2
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Py Hef4
/L ve Ve AR
573745
peophysionl servives
SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM
INSTRUMENT DATA
System mfg.: Oyo Model no.: 3403
Serial no.: 160024 Calibration date: 7/17/2009
By: Craig Branson Due date: 7/17/2010
Counter mfg.: Hewlett-Packard Mode! no.: 5335A
Serial no.: 2626A09881 Calibration date: 1/29/2009
By: SCE #51-01252 Due date: 7/29/2009
Signal generator mfg.. Hewlett-Packard Model no.: 3325A
Serial no.: 2652A25647 Calibration date: 5/4/2009 |
By: SCE #51-01347 Due date: 11/4/2009 i
SYSTEM SETTINGS:
Gain: 8
Filter 10KHz
Range: See sample period in table below
Delay: 0
Stack (1 std) 1
System date = correct date and time 7/17/2009 /377
: PROCEDURE:
| Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
- Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.
Average frequency must be within +/~ 1% of actual frequency at all data points.
N s .
Maximum error (AVG-ACTY/ACT*100)%  As found o./2. As left o o
Target Actual | Sample File Time for | Average | Timefor | Average | Time for Average
Frequency |Frequency| Period | Name | 9 cycles |Frequency| 9 cycles |Frequency| 9 cycles | Frequency
(Hz) (Hz) (microS) Hn (msec)| Hn (Hz2) | Hr (msec)| Hr(Hz) | V (msec) V (Hz)
50,00 50.00 200 501 | |40.00| 5000 | 132.0°| So.c0 | /30,00 | 5e 00
100.0 100.0 100 502 gGo,00| /02.0| Qe 0o /oo o G0 .00 /00 ©
200.0 200.0 50 503 44 45| 2oor| Nospo | 202.0| H5 oo | 202D
500.0 500.0 20 504 {g.00| 5ooo (g.00]| 5o0,0 ]800 | 520 ©
1000 1000 10 505 oG o000 | fO0O ¢.990 | to0! Q. poo | foO O
2000 2000 5 506 |4, 500 ]| 2600 | H. 500 2000 | 4 500| Zowo
Calibrated by: Craig Branson 7/17/2009 4‘:) ‘3 At per—
Name Date Vsignature
Witnessed by: Robert Steller 7/17/2009 @F %(A"/
Name Date ' U Signature
i Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21, 2008
)
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SHANNON BWILSON, INC.

APPENDIX D

SHANNON & WILSON, INC.
SUBSURFACE CHARACTERIZATION

D.1 INTRODUCTION

We reviewed the results of the explorations located within the general limits of the proposed
Pontoon Casting Facility. We developed subsurface profiles using the results of the subsurface
explorations presented in the contract documents.

The Geotechnical Data Report (GDR) contains the results of numerous in situ and laboratory
tests. These tests include standard penetration tests (SPTs), cone penetration tests (CPTs), vane
shear tests (VSTs), and pressuremeter testing (PMT). Laboratory tests include: one-dimensional
consolidation tests, unconsolidated undrained (UU) and consolidated undrained (CU) triaxial
tests, and direct simple shear (DSS) and cyclic direct simple shear tests. The soil classification
and shear strength were compared using the results from the in situ and laboratory tests.

D.2 CONE PENETRATION TEST (CPT) INTERPRETATION

Thirty-seven CPTs were performed at the site by the Washington State Department of
Transportation (WSDOT) and were included in the project’s GDR. The raw CPT measurements
were corrected to normalized parameters. The measured tip resistance was corrected with a cone
factor of 0.8 and then adjusted for in situ stresses.

The normalized CPT parameters were then used by Shannon & Wilson in various empirical
relationships to calculate soil behavior type index (Ic), soil behavior type (SBT), undrained shear
strength, overconsolidation ratio (OCR), and permeability in general accordance with Lunne
(1997) and Robertson (2009). The SBT is estimated using a step function to bin the data into
generalized soil types. We estimated SBT with this traditional function and also using a
continuous function that approximated the average step function to evaluate points that were
close to the bin boundary (Robertson, 2009). The continuous-function SBT data was contoured
along eight cross sections and is presented in Figures D-1 and D-2. The colors in these cross
sections are set such that clean sands are yellow, silty sands are red, sandy silts and silts are
green, and clays are blue. The numerical values shown on the cross-sections in Figures D-1 and
D-2 are the Plasticity Indices determined from laboratory tests. The orientations of these
subsurface cross sections are shown in Figure 3 in the main text of the report.
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D.3  STANDARD PENETRATION TEST (SPT) INTERPRETATION

The SPTs were performed on 25 boreholes completed by WSDOT and 2 boreholes completed by
Shannon & Wilson. SPT blow count results were corrected according to procedures in American
Society of Civil Engineers (ASCE) 7 (i.e., Youd and others, 2001) for soils that classified by
visual or CPT classification as silty sands to clean sands. The sandy soils were divided into an
upper unit (from elevation -10 to -20 feet) and a lower unit that dips across the site (from
elevation -37 to -90 feet). The upper sand unit was subdivided at an elevation of -17 feet based
on the increase in SPT blow count. The lower sand SPT blow counts were further subdivided
based on fines content above and below 35 percent. Figure D-3 presents all of the sandy SPT
blow count data points versus depth. In addition, the mean and standard deviation over several
depth ranges for SPT blow counts with fines content less than 35 percent are shown.

The blow counts measured during SPT sampling were normalized based on procedures from
Youd and others (2001) to uniform (Ny)gocs values. The parameters used in the normalization
are presented below:

= Borehole Correction, Cg = 1.0 to 1.05 for various borehole diameters as shown in the
exploration logs in Volume 1.

" Sampler Correction, Cs = 1.1 to 1.3 for samples taken without liners. Cs values vary
and are based on iteratively calculated (N1)so,cs values in accordance with
recommendations from Idriss and Boulanger (2008).

N Enéfgy Correctidh, Ce ~1.20 based on an average measured SPT energy of

72 percent.
* Fines Correction, Cy = 1.0
. 2.2 -
*  Overburden Correction, Cy = — < 1.7
12420
: Pa

®* Rod Correction, Cg = 1.0 based on recommendations in Youd and others (2001),
which indicate that the empirical database was evaluated without applying this factor.

D4  VANE SHEAR TEST (VST) INTERPRETATION

The interpretation of undrained strength results from VSTs reported in the GDR was adopted in
our analyses for evaluation of the subsurface conditions. Select VST undrained strength results
are shown in Figures D-5 through D-41.
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D.S5 PRESSUREMETER TEST (PMT) INTERPRETATION

The PMT was performed at four boring locations for the project’s GDR. The PMTs were
performed at various depths, primarily in the cohesive soils. The PMT results were evaluated by
In-Situ Tech, Inc. using three different soil models; Log Method, Load Model, and Unload
Model. - The results from the PMT Load and Unload Models are shown in Figures D-5 through
D-41.

D.6. LABORATORY TEST INTERPRETATION
D.6.1 One-dimensional (1D) Consolidation

1D consolidation tests were completed by WSDOT. These tests were evaluated using a
traditional Casagrande construction. Table D-1 presents the results of this evaluation,
summarizing the estimations of recompression ratio (C;), compression ratio (Cq), past pressure,
and OCR. The OCR is also presented in Figures D-5 through D-41 on a boring-by-boring basis.

D.6.2 Static Strength Testing

Various laboratory static strength tests were completed for the project’s GDR including
UU and CU triaxial tests, and DSS tests. The point at which shear strains increased at relatively
constant shear stress was taken as the undrained strength of the sample. An approximate Stress
History and Normalized Soil Engineering Parameter (SHANSEP) analysis was performed with
the strength data (Ladd, 1974). It should be noted that the SHANSEP analysis was approximate,
as the CU tests were not preformed in the SHANSEP framework of consolidating a sample
beyond the past pressure and then unloading the sample to a desired OCR. To approximate the
method, OCRs of the samples were assumed based on 1D consolidation tests. Results of this
analysis indicated that using a Su/p' = 0.22 at an OCR =1 and an exponent (m) equal to 0.8,
would estimate the lower bound strengths relative to the field and laboratory data.

D.6.3 Cyeclic Direct Simple Shear

Cyclic direct simple shear tests were completed by WSDOT. These tests were used to
evaluate the liquefaction susceptibility, cyclic resistance ratio (CRR), and post-cyclic monotonic
undrained shear strength of silty soils. The number of cycles required to achieve the threshold
criteria of an excess pore pressure ratio (Ru) of 0.9 and a cyclic shear strain of 4 percent at the
various tested cyclic stress ratios are presented in Figure D-4. Also included in this figure, for
comparison purposes, are typical response curves for sand consistent with ASCE 7. Several
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samples were monotonically sheared after cycling to evaluate the post-cyclic strength of the
sample. The points at which the applied shear stress remained constant with increasing strain
were taken as the post-cyclic strength. It should be noted that it appears that the stress and strain
readings were zeroed before the monotonic shear, therefore requiring an adjustment to the post-
cyclic strength and strain. The post-cyclic strengths are shown with the static strength test results
in Figures D-5 through D-41. It should be noted that the cyclic loading of the silts results in an
average reduction of strength of 25 percent at the end of cyclic testing.

D.7  DATA COMPARISONS
D.7.1 Cone Penetration Test (CPT) versus Visual Classification

A comparison of the SBT index from the CPT to the visual classification from nearby
borings is shown in Figures D-5 through D-41. SBT values were assigned to visual
classifications designations such as SP, SM/ML, or MH. The assigned values were varied until
an approximate best fit match was achieved. The continuum of the visual classification
designations is shown at the bottom of the plot. The purpose of this comparison was to evaluate
the site-specific ability of the CPT to predict the visual Unified Soil Classification System
(USCS) classification. It is well-published in literature that the SBT (or Ic) parameter of the
CPT is not a good predictor of fines contentor the type of fines (silt or clay). This inability is
noted in the clustering of the USCS classifications between ML and CH. However, the CPT
appears to be a good predictor of cohesionless versus cohesive soil behavior. The CPT was able
to identify cohesionless layers depicted in the boring logs and indicated others that likely exist
between SPT samples. The relatively higher resolution of the CPT versus the SPT also allows

for the thicknesses of these layers to be assessed. Based on this comparison, our engineering
evaluations were based on interpreting soils in the “red” and “yellow” regions as silty sands,
soils in the “green” region as silts with a PI<17, and soils in the “blue” region as medium to high
plasticity silts and clays.

D.7.2 Plasticity Index

The plasticity index determined form Atterberg limit tests is plotted versus depth in
Figures D-5 through D-41. Plasticity index data points are also shown in the SBT contour plots
shown in Figures D-1 and D-2. Our interpretation of the distribution of these data points was
that the PI<17 silts formed a boundary between the silty sands and medium- to high-plasticity
silts. This layering is consistent with fluvial and overbank deposits.
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D.7.3 Undrained Strength

A comparison of the undrained strengths from the laboratory tests, field tests, and CPT
empirical relationships is shown in Figures D-5 through D-41. The undrained strengths
interpreted from the laboratory and in situ tests are in good agreement with the PMT models and
CPT empirical relationships. The results of all the strength tests and strength from calibration
models for PMT’s are summarized versus depth in Figure D-42.

D.7.4 Overconsolidation Ratio (OCR)

A comparison between the OCR interpreted from the 1D consolidation tests and from
CPT empirical relationships are shown in Figures D-5 through D-41. The CPT OCR appears to
show similar trends as the 1D consolidation tests. A macro view of the OCR versus depth
indicates that the OCR is relatively constant versus depth. However, there are many large and
small spikes in the OCR which are likely indicative of the periodic deposition of overbank soils.
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SHANNON & WILSON, INC.

TABLE D-1
CONSOLIDATION TEST RESULT SUMMARY

H-49-09 S-6 18 -3 1148 OH 55 111 67 1.51 0.14 0.02 3420 2.98

H-50-09 S-4 25 -13 1222 OH 87 : 75 . , 50 228 0.22 0.03 2370 1.94

H-52-09 S-6 18 -6 975 OH 96 .59 42 245 - - - - Data Inconclusive
Notes: '

OCR = overconsolidation ratio

pef = pounds per cubic foot

psf=pounds per square fot

USCS = Unified Soil Classification System

21-1-21190-260-R1 TD-1.xlsx Page 2 of 2 21-1-21190-260



Sail Behavior Type Figures.xlsm Printed: 8/23/2010 11:05 AM ‘nb/mdg
EAST : Section A-A' WEST
@ ® ® )
0
,20_
-40-]
B0+
-80
100 ' =
-600 -500 -400 -300 -200 <100
Section E-E" |
|
|
5
5§
0
=20
40
-60-{
,8OV
-100
o
2|
~20~ |
_ |
-40- s )
C
-60-{ |
|
-80| |
oo = {
-100 T T T T I
-600  -500 -400 -300 -200 -100 q
. |
Section G-G" |
1
N I GJ'QQ GL@
|
e A
500 -400 -300 -200 F
Section H-H' !
SR 520 Pontoon Casting Facility
Aberdeen, Washington
0 0
0 1< e >
S| 2|53 2 @ SUMMARY OF IDEALIZED SOIL
AR EE 3 BEHAVIOR
g N ° - . EAST-WEST SECTIONS
.U August 2010 21-1-21180-015
N Soil Behavior Type SHANVN‘ONF&.WILSOPN, !’N'C. FIG. D-2




N1,60,CS
0 5 10 15 20 25 30 35
0.0tf!xrrt: LI B S MM St S S S N MM At e ¥ T
-10.0
-3 ) Iy
-20.0 |4
-30.0
L @
-40.0 = ®
o £ Upper Sand
& @ Fines <=35%
[ )
2 -50.0 = e OFines >=35%
T ¥
o o O o om
w I
= g o
-60.0 = i
o @ ® @9 @
® & @
% g [ ®
-70.0 - . S-h
o o 1o H _
o
-80.0 =
@ I@
-90.0
-100.0
NOTES

1. Red lines represent the mean of the data. Black lines represent the
blowcount assigned in the numerical models. Samples with fines contents
greater than 35% were not used in the calculation of the mean.

SR 520 Pontoon Casting Facility
Aberdeen, Washington

N1,60 BLOW COUNTS IN SAND UNITS

August 2010

21-1-21190-016

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. D-3




SHUENNSUOD [EJIAUIOIALT PUR |EAULISI0SE)

¥-a'old "ONI ‘NOSTIM 2 NONNYHS

9L0-06L12L-1T 0102 ¥sndny

STTOAON SA MO
NOLLVL3WdHILIN! SSAD

uoyBulysepp ‘ussplagy
Aioe Bugsed uoojuod 07§ HS

B0 UIEHS 18903 %b

slele]®

sajofoN
00}

oL

.

(jeraus3od Buipesids
|esz1E7] 28487 01 PIUWIT}

4IgeRNb,

(renuajod Suipeaids
[edo1E] 0497 03 pRALUIT)
J2lqeyanbr

0

WO

€0

¥o

g0

90

AL
M 8S0D) B0-dBZ-H s

(8500) 60-94-H it
(SSAD) 60-ABT-H mmsiomn
(SSQAD) 60-dJ-H emitiom
(SSUD) 60-0g-H wmitie=

(SSAD) 60-8L~H mengpmme

ocot

“ BUalIo uoporjenby, pejeoipu
2y} uo paseq peyod ale YO usAlb e Je sajofo wiojun jo jequinu 8y) “|
S31ON
eLBILID uoRdejenbiT,, 6°0 = NY
ook sapfoN oL L
0
{jeryuaiod Suipeatds
|edse] adieq 03 paywi)
s|qelanbr]

[X¢]

zo
2]
4 =
N =

- €0

4y

g0

(|erusiod Buipesids
: p
jel2]E] 0427 01 paIKUL) ¢209"IN
, JBlqeyanb
90




B 0 ] I
§a’oid "ONI ‘NOSTIM 8 NONNVHS

SlLo-08Lig-i-ie 1102 Arenige 4
80-10"H DNIYO49 ANV 60-L-1dD
SHILINVIVA
HIONIHLS ANV TI0S 40 ANVININS

uojbuiysep ‘Lespiagy
Aufoey Bunse) uoojuod 0zZs HMS

(s91BWNSS YOO LdD U0 Pased) ¥.61 ‘HO0L PUE PPETemmmen
(EYep 60-1-LdD UO PISET) GODT ‘LOSHAGOY ~wwme

158 feayg ajdulls a1q aljpAD-ISOd

159 | Jeayg a|dwils 1081 ONBIS

(Buipeojupy) 159} Jejewainssald

(Buipeo) 1591 J9)swaInssald

1581 JEals aueA NS-U|
158 | [BIXRL ] pauiBIpUN-peleplosuooun
1581 [BIXBUL PAUIBIPUN-P3IEDIOSUOD

e @ 4 ¢ ¢ a

jo0} atenbs Jad spunod = Jsd
0f1eJ UONEPIIDSUDIIBAD = HIO

159} uoljesjeuad sU0d = 1 d9 °§

‘60-1-1d0 oy ejep

“80-1-LdD LU0} BJED PUB SSAS 9ANOSYS [BOlLeA Bulsie a1} Buisn ¥DO
pue fibuans Jeays paujespun ay} sjewnse o0} (§00Z) UoOSHagoy pasn afp ‘g

"60-1-1dD 03 Ajwixosd esojo ApAljeles uj st yolym ‘g0-10-H Bupoq wioy
pauigiqo saidules Joy pawlopad sem Buyse] myis-1y pue Bupssy Alojesoge |

S31ON

pue (00g) uosyaqoy; Buisn adf) Jojreyaq |1os 1D Bl P

. '9'0 JO BNEA W e pue ‘(6002)
uospyagoy mEm:, peleno|ed OO aUj ‘'SSAUS SAj0aYe |BalHLA Bunsxs
ey; pasn spn; (anjeA W) jusuadxe UB PUE 'SSAIIS SAOAYS [ESIUGA

800 BuishUiBUB)S EauS PaUlEIpUN SU} 2JBUINSS (761) 1100 PUE pPET '€

M Y

d9
MO

(erep 60

Ws-ds.

607 Buiog {0S 80-L0-Hmmmwm

-}-1dO U0 paseq) 600Z ‘LOSHAGOY o

Wo-dD Ws/ds

ds.

00L-

(218D 60-}-LO U0 Paseqd) 6002 ‘UOSUEGaY
Bunse] uonepijosuog AlojelogeT]

(3094) uonens)|g

Q
i
(100)) uopyensiz

~ 02

L 9 s v €

oneY UOIIEPIIOSUOIIIAD

Z 3

0

000°€ 000C 000T
(3sd) ybualyg teayg paurelpun

000%

00} og 09 oy 0z 0

(%) xopuj fyonseld

Wd 622 L10¢/51/¢ -paluilld WsKele( [49 jo Alewums




0 3P .
9-a 'Ol X ! Ee—— 10 pase ; Ay——— 60-2-1dD Wi} BIEp PUE SSAS 9AI0aRa [eanieA Bupsike syl Buisn 420
ONI ‘NOSTIM 2 NONNVYHS (soru MMM Mvn_w._.n_oﬁv w0 ”wwwﬁwrm““w:wumwwhom 1001 a1enbs Jad spunod = jsd pue ybusllS JeaLS PalBIpUN BY} 1RWIISa 01 (600Z) UDSUBGON PIsh 8 ‘T
§10-06lLle-1-1g 1 10g Aenigad d Ofje) UD(EPI[OSUODIBA0 = YOO *50-2-LdD Ot Aywixold asojo AfaAllejal Ut st ya1ym ‘g0-zo-H Buliaq s
20-20-H ONINOS ANV 60-Z-LdD JseLleayg aidwis walq aphoisod B 1581 uonesausd au0d = 1dD G pauielqo sa|diwes Joj pawiioyiad sem Bunss} mys-ui pue Bunsa} AlojesogeT] “i
159, feays a|dullg 1081 OHBIS . USSR,
SHUILANVIV ® ) 60-2-LdD W elep S3I0N
upEOjU) IS JajewaInssald Ue (6002) UOSHagoy Buisn adA} JolnBYaq [0S 14D BY} PAjewInNse s P
HLONZHLS GNV TOS J0 AUVININNS pue (6002 e P B0 BUlo 108 80°C0Hmmmmm
(Buipeo) 359 JajoWaInssaly
. "8°0 0 enfeA W Ue pue '(5002) {21ep 60-2-1dD U paseq) 600 ‘Uosuegey o
uoiBulysep ‘Useplagy 1581 Jeals SUBA ANg-U] uospaqoy Buisn pajeinojes YOO aU} ‘SSals ARoaya [eolen Buysixe T T o
Ayroe Bunser uoojuod 0ZS S 15, {EIXEILL PAUIRIDUL-PEJEPII0SUOOUL] aly pasn apy  (BNBA W) Jusuodxa UE PUE ‘SSANS BANIANS [EIIPIA ao e 2
) &5
w00 Buish y)Buals Jeays palielpun au} s)ewnse (y/61) #ood pue pp